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ABSTRACT 
The main purpose of this smdy was to determine and analyze farmers' perceptions 
regarding the adoption of selected sustainable agriculture practices specifically associated 
with weed control in Iowa. A secondary purpose was to identify the implications to 
agricultural extension education. 
The study revealed ±at farmers use a combination of various weed control methods 
including chemical control, cultivation, soil fertility management, crop rotation, and crop 
diversification. Farmers in this smdy indicated that they were supportive of educational 
program focused on sustainable agricultural practices. The challenge that faces extension 
educators is to design educational programs that fit the needs of farmers. 
Fanners lacked a clear understanding of what agricultural practices are thought to 
contribute to sustainability of natural resources. The extent to which fanners used soil 
fertility management and crop rotation indicated that these practices could be useful in 
controlling weeds. 
Demographic characteristics of the farmers in the smdy revealed that adoption of 
sustainable agriculture practices associated with weed control depends on the age of the 
farmer, the numbers of years in farming, the number of acres owned, the number of acres 
rented, the level of education and the level of income earned from fanning. 
Farmers in the study participated in government programs, however, they did not 
consider government policy incentives as a part of ±e strategy for implementing sustainable 
agricultural practices. The study confirmed that farmers considered conservation tillage, 
long-term consideration for food safety, appropriate pricing of farm products, and the 
X 
practice of weed scouting as important strategies for implementing sustainable agricultural 
practices. Farmers indicated that the best sources of agricultural information include on-fann 
demonstrations, field days and magazines. 
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CHAPTER I. INTRODUCTION 
The definition of sustainable agriculture given in the Food, Agriculture, 
Conservation, and Trade Act of 1990 is stated as: 
Sustainable agriculture is an integrated system of plant and animal production 
practices having a site specific application that will, over the long-term satisfy 
human food and fiber needs, enhance environmental quality and natural 
resource base upon which the agriculture economy depends, make the most 
efficient use of non-renewable resources, and on-farm/ranch resources and 
integrate, where appropriate, natural biological cycles and controls, sustain the 
economic viability of farm/ranch operations, and enhance the quality of life 
for farmers/ranchers and society as a whole. (US. Congress, 1990, p. 3) 
Several investigators have defined sustainable agriculture (Allen et al., 1991; 
Caldwell, 1994; Crosson, 1992). While each definition of sustainable agriculture is site 
specific and differs from region to region, investigators have yet to agree as to what actually 
they mean by sustainable agriculture. Lockeretz (1988) stated that the phrase "low-
mput/sustainable agriculture" often is used synonymously with such terms as "alternative 
fanning," "organic farming," "ecological farming," and "regenerative farming," He further 
ascertained that the term "low-input/sustainable agriculture" can be misleading in itself, 
because some practices which are considered sustainable may increase some inputs. 
According to Lockeretz, the use of labor in weeding operations might decrease pesticides. 
Young et al. (1991) pointed out the lack of a standard set of criteria for classifying 
farmers into either conventional or sustainable categories. This smdy suggested that several 
classifications used were inter-related and were related to the number of acres farmed, net 
income per acre, views on farm policy, and the number of organizational memberships. 
Harrington (1995) grouped each of the definitions into the following categories: agroecology, 
ethics and sustainable growth. 
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A study of 17 states by Hanson et al. (1995) concluded that sustainable farmers 
mainly used cultivation, cover crops, mowing and crop rotation as the main methods of weed 
control. About one third of these farmers banded their herbicides while over half of them 
used a rotary hoe. 
Weed control is one of the most important management decisions in farming, and 
effective control of weeds is critical to maintaining high crop production. While various 
methods of weed control are available, a majority of the farmers in the Midwest depend on 
the use of chemicals for effective control of weeds. However, there are serious 
enviroimaental concems and health related issues that are directly related to the use of these 
chemicals (Bird et al., 1995; Bultena et al., 1992, NAF, 1994). 
The methods of weed control range from physical control methods (machine tillage, 
mowing, hoeing, etc.), culttiral control methods which include any management practice that 
enhances a crop's ability to compete with weeds (crop interference, fertilizer placement, 
timing of planting, crop rotation, etc.), biological control methods (use of biotic organisms to 
control weeds), and chemical weed control (use of organic and inorganic compounds to 
disrupt plant growth) (Aldrich & Kramer, 1997). Weed species do change and certain 
management practices affect the weed flora in general. For instance cropping practices 
(types of crops, life cycles of crops and weeds, competitive ability of different crops), 
cropping patterns (monocrop, multicrop, spacing and density of crops), and weed control 
methods used could shift weed populations. No single method wUl control all weeds, 
because the repeated use of one method permits a build up of species not being controlled 
(FAO, 1986). 
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The current weed control methods used by a majority of Iowa farmers include heavy 
use of chemicals, which has adversely affected the environment (NAF, 1994). Agriculture 
chemicals contaminate surface water and ground water supplies (Hallberg, 1986). The US 
Department of Agriculmre (1986) reported that about 90% of all herbicides and insecticides 
are applied to com, cotton, soybeans and wheat. Com alone accounted for 55% of all 
herbicides and 44% of all insecticides. As a result of the use of agricultural chemicals, 17 
pesticides were found in groundwater in 23 States (Cohen et. al, 1986). In Iowa, pesticides 
are used on about 97% of the com and soybean acres, while insecticides are applied to about 
43% of the com acres in the state (ISU Extension, 1992). 
However, studies conducted in Iowa, North Dakota, Minnesota, and Montana 
confirmed that uses of sustainable practices have had a positive effect on the environment 
(Bird et al., 1995). Farmers make critical decisions on which crops and animals to produce, 
how many inputs to use, what type of tillage practices to use, how to control weeds and other 
pests, what machinery and supplies to purchase, and how to supply labor. With all these 
variations in agricultural activities, it is not easy to distinguish the practices that are 
considered sustainable or what constitutes sustainability. Miller (1992) believed ±at 
American culture, policies and institutions played major roles in strengthening the system of 
high-input conventional agriculture. Beus and Dunlap (1992) considered the educational 
establishment as advocating conventional farming methods in their research, teaching and 
outreach activities. 
The study conducted at Northwest Area Foundations (NAF) by Gardner et al. (1995) 
considered sustainable farmers as those who reduce dependency on synthetic, commercially 
produced fertilizers and pesticides in order to develop positive ecological practices like crop 
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rotations and livestock integration. While farmers have had various reasons for adopting 
sustainable agriculture practices, a majority of them in the surveyed area (Iowa, North 
Dakota, Minnesota and Montana) were influenced by economic, environmental and health 
concerns (Bultena et al., 1995). 
In another smdy that investigated farmers and agricultural professionals, Dunlap et al. 
(1992) revealed that the farmers and faculty members they smdied viewed sustainability 
differently. The farmers considered social and economic goals, as improving the economy, 
improving the health and well being of niral residence, revitalizing mral areas, decreasing the 
complexity of food systems and increasing the number of farms as important factors in 
sustainable agriculture. On the other hand, faculty members thought ecological factors were 
necessary in sustainable agriculture. The study suggested that farmers would rather seek 
economic and social sustainabihty than ecology per se. 
Unlike faculty members, farmers do not see reduced inputs and lower use of 
chemicals and energy as necessary conditions for achieving sustainability. Harrington (1995) 
considered pressure on resources, population growth, poverty, policy and instimtional 
concerns as some of the leading causes of unsustainability. In assessing the economic returns 
of adoption of sustainable practices, Lockie et al., (1995, p.73), identified factors that 
reduced profitability as: (a) the on-going cost/price; (b) the cost of financing; (c) the trade 
policies of other countries; (d) market fluctuations and deregulation; and (e) diminishing 
returns from their efforts to increase productivity. 
Lx)ckie et al. (1995) further argued that farmers have the options to choose from 
several of the following management practices: (a) selection of species and varieties that are 
well suited to the site and to the conditions on the farm; (b) diversification of crops. 
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livestock, and cultural practices to enhance the biological and economic stability of the farm; 
(c) management of the soil to enhance and protect soil quality; (d) efficient and humane use 
of inputs; and (e) consideration of farmers' goals and lifestyle choices. The study concluded 
that farmers were aware of the effects of farming practices on profitability and sustainability 
while at the same time they were concerned with risk aversion and income stability. 
A farmer's view of economics differs from the way the experts viewed economics. 
An economist might approach a farm from the view of technology and relative prices of 
capital and natural resources. A farmer, on the other hand, would look for the long-term 
profitability of a farm and hope to achieve it. For instance, sustainable practices involve a 
variety of approaches. Thus, specific strategies must take into account topography, soil 
characteristics, climate, pests, local availability of inputs and the individual fanner's goals. 
Lowrance (1990) characterized the alternative farming systems and alternative 
chemical management as ecological sustainability: 
1. Alternative farming systems approach: 
a) reduced rehance on or elimination of chemicals for pest control and 
chemical fertilizer for nitrogen management, b) increased reliance on 
legumes, cover crops, crop rotations, and animal manure for fertility 
management, c) increased reliance on crop rotations, tillage, cover crops, and 
biological control of insects, nematodes, diseases, and weeds, d) a shift to 
alternative crops when previous management systems are unsuccessful for 
agronomic goals or environmental protection, e) selection of crops based on 
market conditioned rotation requirements, land capabilities and pest pressures. 
2. The alternative chemical management approach includes: 
a) continued reliance on chemicals for pest control and fertilizer for nitrogen 
management, b) application of chemicals based on more precise calculations 
of need and timing of need, c) reliance on the development of new 
technologies for chemical application to retain hydrological active chemicals 
in the root zone, d) a shift to alternative chemicals when management of 
previous chemicals is unsuccessful for agronomic goals or environmental 
protection, e) selection of crop-based conditions, and availability of chemical 
technologies, (p. 52) 
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While either of these approaches could be adapted at the same time, the success of adoption 
will depend on the farming conditions. 
It has been reported (Bird et al., 1995) that, while farmers get information from 
several sources when they make decisions, the traditional way of getting information dirough 
the mass media (radio, television and magazines) has not been effectively utilized by 
sustainable agriculture farmers, particularly in Iowa. A survey by the North-West Area 
Foundation (1994) revealed that sustainable agriculture farmers in Iowa do not rely on 
experts for information related to sustainable agriculture. Two thirds of the farmers in Iowa 
had not used the Extension service. 
Other studies in the area have confirmed that sustainable agriculture farmers depend 
on themselves for new information. They share the results of their on-farm research through 
their own organizations. However, in the survey "Promoting sustainable agriculture through 
existing agencies and organizations," (Padgitt & Lasley, 1993) revealed that agencies played 
a major role in providing information and do influence farm operation decisions. The smdy 
considered fom- aspects of sustainability (production, profitability, environmental 
stewardship and quality of life) and concluded that the majority of the farmers viewed 
production as exceeding goals, while profitability received the poorest rating. The smdy 
further confirmed that while the Extension staff has accepted the principles and practices 
advocated in sustainable agriculture, they do not see that the sustainable practices necessarily 
lead to higher benefits, such as better quality products, higher yields, and fewer weeds. 
How do fanners view the social, economic and environmental aspects of sustainable 
weed control practices? Many studies ( Bird et al., 1995, Hanson et al., 1995, Taylor, et al., 
1989) concluded that most farmers have had problems in controlling weeds. Do farmers in 
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Iowa use sustainable practices for weed control? Do they understand the management 
decisions required in order to adopt sustainable agricultural practices associated with weed 
control? Fmally, are ±ere specific educational needs for farmers that Extension educators 
have to understand in order to work with sustainable agriculture farmers? These are some of 
the questions the present study attempted to investigate. 
Statement of the Problem 
Aldrich (1984) defined a weed as "a plant that originated in a natural environment 
and, in response to imposed or natural environments, evolved, and continues to do so, as an 
interfering associate with our crops and activities." bideed, the history of agriculture is one 
of the struggle against weeds. Bridges (1994) commented about weeds: "Weeds impact the 
life of man by affecting his health, his crops, his animals, or simply by being aesthetically 
unpleasant. Weed reduces crop yields by competing for resources (nutrients, moisture and 
sunlight), by allopathic effects, and they reduce food, feed and fiber quality" (p. 392). 
The annual loss of com yields and quality due to weeds can range from 10 to 35% 
where weeds are not controlled (Young et al., 1984). 2^dahl (1993) estimated the loss due 
to weeds exceeding $ 8 billion per year. The economic impact of weeds on the US economy 
is estimated even higher, it equals or exceeds $ 20 billion annually (Bridges 1994). For an 
individual state the cost could be even higher. In California, Hays (1991) estimated the cost 
at $25 million per year. This enormous loss has direct impact on all sectors of agriculture. 
Control of weeds is, therefore, a critical management decision that farmers have to make. 
Weeds are controlled through the use of several methods, namely: management 
strategies including cultural and physical techniques of crop and pasture rotation, grazing 
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animals and cultivation using several implements (Powles et al., 1997). In the recent years 
chemical control of weeds has become a dominant method of weed control. The use of 
effective and reliable herbicides has come to dominate the management decision of a 
majority of farmers leading to abundant food and fiber production. With the high growth of 
world population and the demand for food to feed the urban population, farmers have to 
produce more and more food using chemical methods of weed control. However, die heavy 
use of these chemicals has had a negative impact on the environment and human health 
(Bridges, 1994; Forcella, 1988; Weinberg, 1990). Not only has the use of chemical weed 
control caused environmental pollution, but also some weed species have developed 
resistance to the use of these chemicals (Ryan, 1970). 
A smdy in Iowa (Bultena et al., 1992) indicated that 90% of the conventional, 
transitional and sustainable agriculture farmers use at least one alternative method to control 
weeds mostly through cultivation or use of a rotary hoe. Weed control problems are the 
major concern for both conventional and sustainable agriculture farmers. Sustainable 
agriculture farmers regard weeds as their major obstacle. Weed control in a sustainable 
environment proved difficult and a majority of sustainable agriculture farmers believed weed 
problems would remain the same (Bultena et al., 1995; Jamtgaard, 1995; Hanson et al., 1995; 
Taylor et al., 1989). 
However, conventional farmers have slightly different opinions about sustainable 
agriculture. Their concerns include the need for additional management, fear of reduced 
yields, the potential for more weeds, reduced profits and insufficient farm labor. Other 
concerns mentioned included lack of incentive and enough information on sustainable 
agriculture. Hileman (1990) argued that Extension agents' recommendations for weed 
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control followed a set of guidelines that supported chemical weed control and they often 
ignored other alternative methods that could have effectively controlled weeds. It is 
important that farmers be aware of the educational programs that would cater to their needs. 
Programs such as the principles of weed management and development progranas could be 
adapted into farming practices. Some of the extension approaches could work with 
sustainable farmers. The replacement of LISA (low input sustainable agriculture) by S ARE 
has encouraged Extension to look at sustainable agriculture with a broader view and 
formulate programs that would cater to farmer needs. Hanson et al. (1995) argued that 
Extension needs to find out how sustainable farmers farm, what information they need, and 
work out how best to work with them. It is only then that educational approaches can be 
identified that would facilitate the development of the programs and strengthen the growth of 
sustainable agriculture. In a study of Ohio workers, Agunga (1995) confirmed that a 
majority of the farmers surveyed lacked an understanding of sustainable agriculture. He 
recommended that the university Extension service organize regular in-service training 
programs to prepare Extension agents, in order for them to educate farmers. The study 
further urges agricultural education departments in land grant universities to include 
sustainable agricultural education as a part of the curriculum for Extension education 
graduates. 
Education is needed in aU areas. Fanners need to know the dangers of using 
chemicals and the importance of proper chemical disposal. They need to know that they 
could stop using certain chemicals without affecting farm profitability. A study Johnson and 
Jacobs (1994) conducted with Extension county agents and some specialists in education for 
a farmland preservation program at the University of Wisconsin, identified three of the most 
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important elements in an effective public policy education program as: (1) relevance to real 
or perceived needs; (2) presentation of accurate and objective information; and (3) adoption 
of a politically neutral stance by the educators. Research stations and Extension should 
address complex management issues that are the major concerns of sustainable farmers. 
Weed management and general lack of information are real concerns for sustainable farmers. 
Farmers will need more help from research and Extension programs in developing the 
knowledge and skills to manage farms successfully. 
A survey done in the Midwest (Bultena et al., 1995) rated research and Extension 
institotions as poor sources of information for sustainable fanners. However, Jones (1996, 
personal communication) argued that no matter where the fanners get their information, 
chances are the original sources of information are research or Extension-based. Educational 
support is required from all sectors including, private sectors, and non-governmental 
organizations. 
Rusmore (1995) advocated the use of participatory educational programs. By 
utilizing the available opportunities in the area. Extension, together with fanners can initiate 
educational workshops, conduct focus groups based on farmer priority setting, initiate on-
farm experimentation, monitor and organize farm tours. In the end, farmers will be the ones 
who decide what is best for their conditions and they will not accept the technology, which 
does not fit in with their simations. As Francis (1990) said, "In research and Extension, we 
have to provide credible results in a format that can be easily understood and evaluated" (pp. 
67). 
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Purpose of the Study 
Sustainable agriculture has captured the attention of policy-makers and development 
agencies. Sustainability is now being encouraged in all aspects of development. The 
Presidential Task Force on sustainable development was created in the US in 1994. The task 
force was charged with the responsibility of formulating the key issues in social, economic 
and environmental concerns that would help achieve sustainability in US agriculture. The 
task force formulated four goals; 
a) Management of agricultural activities to protect air, soil, and water quality, 
and to conserve wildlife habitat and biodiversity, thereby increasing 
agriculture's long-term productivity and profitability, as well as enhancing 
human health and well-being. 
b) Achievement of viable farmers and farm commimities. 
c) Production of a safe, high-quality, and affordable supply of food and fiber 
in a manner that protects and conserves natural resources. 
d) Creation of instimtional incentives and fimding arrangements that focus 
public and private research, education, and technology development on 
integrating agricultural productivity and profitability with environmental 
stewardship. 
The public concern about the impacts of agriculmral practices on food 
safety, environmental quality, productivity and maintenance of farm 
communities will still remain a major issue that professionals of agriculture 
have to deal with for a long time to come. 
Farmers who adopt alternative farming systems often have productive and 
profitable operations, even though these farms usually function with relatively 
little help from commodity income and price support progranas or Extension. 
(Nation^ Research Council, 1989, p. 8) 
The majority of farmers still lack effective tools and guidelines that will help them 
sort out the available information and make rational and profitable decisions on how and 
when to use inputs (Bird et al., 1995; Hanson et al., 1995). The role of education is, 
therefore, to help farmers gain confidence in appropriate technologies and in science and 
make their own decisions about how to achieve a sustainable agriculture. Farmers have to be 
fully engaged in discussions about sustainable agricultural practices because they generally 
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adopt the practices only after in-depth analysis of all available options regarding their own 
held assumptions, beliefs, values and actions. This continuous process, in turn, will help 
them become more reflective and aware of the consequences of their decisions. 
Purpose and Objectives 
The purpose of this smdy was to determine farmers' perceptions regarding the 
adoption of sustainable agriculture practices specifically associated with weed control and 
their implications to agricultural education. 
The specific objectives of this smdy were to: 
1. Determine perceptions held by farmers regarding the use of sustainable agriculture 
practices on weed control. 
2. Identify farmers' use of selected sustainable agriculture practices associated with 
weed control. 
3. Determine the level of interest by farmers about learning sustainable agriculture 
practices associated with weed control. 
4. Determine the level of importance farmers attach to the management 
strategies/decisions for implementing sustainable agriculture practices associated with 
weed control programs. 
5. Determine the source of information for sustainable agriculture practices associated 
with weed control. 
6. Identify the demographic characteristics and conduct comparisons with selected 
variables in the smdy. 
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Summary 
Agricultural research and cropping systems have revealed the negative impacts of the 
heavy use of chemical and tillage systems in production agriculture. As a result, cases of 
envirormaental pollution, soil erosion, soil degradation and health-related issues have been 
reported. The current use of sustainable agriculture practices by some farmers is considered 
a viable alternative that could contribute positive effects to the environment and long-term 
sustainability of farmland. 
The impact of sustainable agriculture is as varied as the definitions of sustainable 
agriculture itself. Practices that one farmer considers sustainable may not be so for another 
farmer or a region. However, in all definitions a central theme ±at identifies sustainability is 
the belief that sustainable farming will help sustain both natural and social resources. 
Sustainable farming is a complex enterprise that requires unique management 
decisions, which considers a farm as a whole entity. The success of sustainable agriculture 
will depend upon the efforts of all those people who are striving to achieve sustainability in 
their own way. However, farmers bear a heavy responsibility'. They have to nianage the 
complex agronomic systems, face the challenges of environmental conditions, economic and 
social conditions, advanced technology, decreasing farm size, and government public policy 
that might not be favorable to the situations. 
Perceptions of sustainable agriculture practices could be looked at from different 
points of view. It could be economic pressure that influenced a farmer to consider one option 
against another, leading to a mode of production favorable to his current situation. 
Weed control is one of the major challenges of farm management. Fanners have 
controlled weeds using a variety of methods including mechanical cultivation, chemical. 
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biological and cultural me±ods. Sustainable weed management requires an integrated 
approach. Each sustainable practice must be fully adapted to the local environment, 
economic and existing fanning systems (Zimdahl, 1994). Douglas (1984) believed that only 
behavioral changes could make farmers adopt the practices of sustainable agriculture leading 
to change in strategies. For voluntary changes to occur Padgitt et al. (1994) proposed four 
criteria: (a) awareness of problem; (b) knowledge of alternatives; (c) motivation for change; 
and (d) resources to implement changes on an individual farmer. In order to facilitate 
behavioral changes, Lockeretz (1988) argued that educational process as concerning concepts 
and practices should be emphasized. Educational programs about sustainable agriculture will 
have to take a multidisciplinary approach, whereby researchers and farmers work hand-in-
hand allowing free exchange of ideas. Farmers should be encouraged to experiment and test 
alternative technologies in cropping systems. However, researchers have to play the role of 
facilitators and they have to motivate farmers to adopt the practices and guide their decision 
making skills (Rora, 1991). The results of the current smdy could be used to foster 
educational needs of the farming community and design low input sustainable agriculture 
educational programs appropriate to the needs of the smdy area. 
Operational Definitions 
The following terms were defined as they were used in this study: 
Agricultural education - Various forms of instructional and practical learning activities 
designed to meet a need to leam; can be formal or non-formal, within or outside the 
classroom environment, short-term or long-term, continuous or non-continuous. (Examples: 
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classroom instruction, laboratory practical demonstrations, field experiments or 
demonstrations, organized tours, special programs or news media etc. etc.). 
Agroecosystems: Ecological systems modified by human beings to produce food, fiber, and 
other agricultural products. 
Agronomic sustainability - The ability of a tract of land to maintain productivity over a long 
period of time. 
Band application- application to a strip over or along a crop row or on around a strucmre. 
Broadcast application- uniform application to an entire, specific area. 
Chemicals - elements or substances that are produced to enhance or inhibit a plant's ability to 
function in the environment. 
Conservation- the improvement and /or wise use of namral resources, according to principles 
that assure their highest economic or social benefit. 
Conservation tillage - tillage practices where at least one-third of the previous year's crop 
residue remains on the surface after planting. Iiclude both reduced tillage and no-tillage. 
Conventional agriculture - Type of farming system that engages in capital-intensive external 
sources of energy, credit and information in order to achieve high productivity (Beus & 
Dunlap, 1990). 
Cover crops-close, growing crops that temporarily protect the soil where major crops don't 
provide cover. 
Crop rotation- changing the crops grown in a field, usually year by year. 
Curriculum - An organized set of formal educational and/or training plans. It is a blueprint 
for educational activities such as what learning smdents are to develop, the means of 
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evaluation, the materials and equipment to be used, and the qualities required of teachers. 
The detailed plan for making desirable changes in pupil behavior. 
Ecological sustainability • The ability of life support systems to maintain the quality of the 
environment. 
Environment - The whole of the planet Earth consisting of the geosphere, the atmosphere or 
space region, the hydrosphere, and the biosphere comprising all living organisms including 
plants, animals, micro-organisms, and human beings occupying the planet. 
Environmental sustainability - The ability of life support systems in the environment to 
maintain their quality and continued productivity indefinitely. 
Herbicides- chemicals used to control unwanted plants. 
Instruction - The activation of the curriculum plan to cause changes in pupil behavior. 
Pesticide- any chemical used to destroy, prevent, or destroy pests. 
Macroeconomics sustainability - The ability of national production systems to compete in 
both domestic and foreign markets. 
Management techniques - systematic method of organizing and operating a farm business. 
Microeconomics sustainability - The ability of a farm to stay in business as the basic 
economic unit. 
No-tillage - absence of mechanized farming operations prior to planting. Consists of slot or 
narrow one- or two-inch strips of soil worked (tilled) with a fluted coulter during the planting 
operation. Residue of previous crop is left on the soil surface. 
Perception - The professional and personal judgments or views of respondents regarding an 
event, issue, concept, or condition based on their knowledge and experience or that of others. 
Post-emergence-us&d after the crop and pests has emerged. 
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Pre-emergence- used before crop or pests emerges. May also refer to use after crops emerge 
or are established, but before pests emerge. 
Pre-plant- used before the crop is planted. 
Reduced tillage - use of tillage implements other than moldboard plow and at least one-third 
of the crop residue remains on the soil surface after planting. 
Residue management- protects the soil from erosion by limiting tillage to leave last year's 
crop residue on the soil surface. Includes no-till, mulch till and ridge till. 
Ridged tillage - process of land preparation where the soil is mounded (12 inches wide and 8 
inches deep) in the plant row during the cultivation process. Special adapted planters remove 
the top two inches of soil and residue on the ridge during the planting process. It conserves 
water and soil by ridges acting as small terraces. 
Soil incorporation- use of tillage implements to mix the pesticide with the soil. 
Sustainable agriculture - Approaches and practices of agricultural systems that are 
ecologically sound, environmentally humane, economically viable, and socially responsible. 
Teaching method - Procedures, styles, or ways that a teacher selects to facilitate the 
teaching/learning process 
Teaching technique - A teaching method, skill, style, or procedure which a teacher selects to 
facilitate the teaching/learning process. 
TeachingAeaming process - The plaiming, organizing, and implementing of the delivery and 
acquisition of knowledge and skills that lead to a desired change in behavior, attitodes and 
practices of smdents. 
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CHAPTER n. REVIEW OF LITERATURE 
The purpose of this study was to determine farmers' perceptions and use of 
management strategies regarding sustainable agriculture practices specifically associated 
with weed control and their implications to agricultural education. The specific objectives of 
the study were to: (1) determine perceptions held by farmers regarding the use of sustainable 
agriculture practices on weed control; (2) identify farmers' use of selected sustainable 
agriculture practices associated with weed control; (3) determine the level of interest by 
farmers about learning sustainable agriculture practices associated with weed control; (4) 
determine the level of importance farmers attach to the management strategies/decisions for 
implementing sustainable agriculture practices associated with weed control programs; (5) 
determine the source of information for sustainable agriculture practices associated with 
weed control; and (6) identify the demographic characteristics and conduct comparisons with 
selected variables in the smdy. 
The theoretical framework for this smdy was based on adult education principles. An 
extensive literature review on sustainable agriculture, adult education, extension education, 
and weed management (agronomy) is presented. This chapter is focused on the following 
areas; (1) theoretical framework (adult education); (2) sustainable agricultore; (3) adoption of 
sustainable agriculture; (4) weed management techniques; (5) needs assessments; and (6) 
program development. 
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Theoretical Framework (Adult Educatioii) 
Adult learning provided the basis for this study on sustainable agricultural practices 
for weed control, lii order to transfer the knowledge of sustainable agriculture practices to 
adult farmers, one needs to know how adults learn. Supporting earlier work of Darkenwald 
and Merriam (1982), Cranton (1989), defined adult education as: 
any organized, sustained activity engaged in by adult individuals for the 
purpose of changing their knowledge, skills or values in any area. ... A 
learner is any individual who engages in educational activities for the 
purposes of acquiring, skills knowledge, or values in any area, (p.4) 
The approach in adult education today is firmly grounded in the works of John 
Dewey (1916, 1938). Dewey noted that education must be thought of as a life-long process, 
rather than shaping of young minds. He viewed learning as being based on life experience, 
and emphasized the importance of the scientific method in learning. Dewey believed that 
when the individual is faced with a problem he/she will develop a hypothesis about the 
problem and then collect evidence to confirm or deny this hypothesis. 
Knowles (1978, 1980) has been a formidable force in the practice of adult education. 
In the art and science of helping adults learn, he emphasized andragogy and pedagogical 
learning assumptions. His four basic assumptions are: (a) it is a normal aspect of the process 
of maturation for a person to move from dependency toward increasing self-directedness, but 
at different rates for different people and in different stages of life; (b) with maturation a 
person will develop a sense of independence, moving from dependency to that of self-
directing human being; (c) as people grow and develop they accimiulate a vast reservoir of 
experience that becomes a resource for learning; (d) a person will be ready to leam when a 
need arises, then learning becomes oriented to the activities that a person encounters and tries 
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to solve; and (e) as learning becomes focused, the learner seeks knowledge in order to solve 
his/her problems, whereby learning is centered around problem solving rather than subject 
centered. 
The assumptions stated by Knowles have received much criticism from other 
educators. For instance. Cross (1981) contended that the andragogy model does not lead to 
researchable questions that will advance knowledge in adult education. Brookfield (1986), 
while crediting Knowles for the concepts of self-directedness, questions some of the 
underlying assumptions of andragogy and the problem-centered characteristic of the adult 
learner. Brookfield (1986) further warns that the teaching and learning process requires a 
complex interaction that is not fixed as many educators tend to believe. 
Adult learners also have differences in learning style. Gagne (1977) explained a 
model of learning pertaining to individuals of all ages. He elaborated the problem-solving 
cycle. In problem solving, when adult-farmers perceive a problem, they first tend to observe 
and formulate ideas about that problem. In a majority of the cases farmers easily identify 
problems that they encounter and immediately seek solutions. A series of thoughts that 
might lead to alternative solutions are assessed. This is the stage of testing the hypothesis. 
When the altemative solutions to the problem are tested and the situation becomes clear, the 
previous problem is no longer a problem. 
Mezirow (1981) believes that the individual also leams when faced with a crisis that 
conflicts with his/her experience. When a simation of a crisis occurs individuals become 
receptive and leam. Some analysts attribute the adoption of sustainable agriculture practices 
by farmers in the 80's to the financial crisis farmers faced during that period. 
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Rogers (1969) emphasized die self-actualization of the learner as a goal of education. 
His experiential learning theory has been recognized as follows: (a) the learner must perceive 
the relevance of the subject matter; G^) learning involves a change in self-perception; (c) 
learning occurs when the self is not threatened; (d) learning is facilitated by doing; (e) 
learning is facilitated when the learner actively participates in the process, and f) self-directed 
learning involves the whole person. Adult learners depend on their past experience. They 
use these experiences to formulate the current situation at hand. 
Brundage and Mackeracher (1980) argued that adult learning is facilitated when the 
learner's interpretation of his or her own experience is accepted as valid, recognized for the 
changes that occurred, and considered as resourceful for further use. The past experience of 
learners can also become a hindrance to the anticipated changes. Bergevin (1967) believed 
that adult education provided adults the opportimity to discover, matmre as individuals and 
contribute to the society in general. While endeavors might boost the confidence of 
individuals and drive them to the change process, it can also be an obstacle. With change 
comes new values, skills, the fear of the unknown, and lack of enough know-how. 
Therefore, the past experience might not render effective solutions leading to loss of 
confidence and eventually avoidance of the programs (Brundage & Mackeracher, 1980). 
Bedar (1989) believed that the purpose of adult education is to: (a) facilitate change in 
a dynamic society; (b) support and maintain good social order; (c) promote productivity; and 
(d) enhance personal growth. As Bedar (1989) clarifies it, the task of adult education is to 
assist in building groups within communities that identify common problems and then 
participate together in solving them. To a certain extent this has already taken place. 
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Sustainable fanners in Iowa have their own organization, they conduct on farm trials and 
share information among themselves. 
Other investigators of the humanistic paradigm (Knowles, 1984; Maslow, 1986) 
assumed teaching and learning as collaborative between learners and instructors, whereby 
emphasis is put on learners. Following this procedure, the objectives, methods and 
evaluation criteria are worked together; thus, learning is guided to fulfill the interests of 
learners. 
In assessing the humanistic paradigm of felt-need rationale, Brookefield (1989) 
warned consumerists not to make erroneous assumptions and advised that the facilitator 
should meet the needs of the learner in the way that the leamers requested. They need to 
allow leamers to make their judgements, and adults in non-formal settings should not be 
different when it comes to making those decisions. Farmers generally make ±eir own 
decisions based on the factors available, experience of their farming activities, and 
information acquired from other farmers, friends, and extension specialists. If their needs in 
getting the information that would help them cope with their fanning activities are not 
provided, farmers will try several other options. Galbraith (1990) advised: 
Know and emphasize the felt needs of the leamers throughout the 
instructional process, ...When adults know from the beginning that their 
learning outcomes will be shared and available to their fellow leamers, their 
motivation for the learning task is usually increased, (pp. 112-113) 
Braening and Martin (1991, p. 8) recognized the unportance of the following basic 
principles for adult agricultural education; (a) knowledge and skills should be used in the 
"real world" soon after learning; (b) learning process should be applied; (c) instructors 
should be competent, enthusiastic and be able to communicate; (d) instructional process 
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should have a clear objective and a definite evaluation component; (e) positive reinforcement 
is critical when application of knowledge and skills is correct; and (f) there should be an 
interaction of participants. Korsching and Hoban (1988) believed that farmers could be 
motivated to act to the desired goals when regular reinforcement through information is 
encouraged. Wlodkowski (1985) provided strategies that would help understand and 
motivate adults. Sisco and Hiemstra (1991) emphasized the importance of personal 
responsibility and action for adult learning. 
Many people believe education is for life. Wain (1987), a strong advocate of lifelong 
education, highlighted Dave's (1976) concept of lifelong learning characteristics as: 
Lifelong education provides individuals and society wi± opportunities not 
only to adapt to change but also to participate in change and to innovate. 
Lifelong education is rooted in die community, which performs an important 
educative role; life itself is seen as the major source of learning. The ultimate 
goal of lifelong education is to maintain and improve the quality of life, (cited 
in Wain, 1987, p. 38). 
It is appropriate to sum up this as one major contributing factor that encourages adults 
to leam. This aspect of adult characteristics depends on many factors. Cross (1981) adds 
that adults gave practical and pragmatic reasons for learning. People leam when they are 
motivated to leam. Houle (1980) calls it goal orientation where adults leam with the sole 
purpose of improving one's life. Farmers are basically no different from the rest of society— 
while a worker might leam in order to improve his/her own position at work, a farmer might 
need to know about the management of a crop and how to improve yield, or better control 
weeds and increase income from farming. 
Adults leam from each other and learning takes place simply through observation. 
Farming techniques of one farmer could influence the farmer next door who might get 
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interested after seeing and talking with his/her neighbors and other people who know about 
new farming practices. The Extension system can enhance and facilitate this learning 
process by organizing practical course demonstrations, or on-farm trials about agriculmral 
practices that interest farmers. Once the teaching process is initiated, it will be easier for 
Extension to transfer knowledge, because farmers are already knowledgeable about farming 
activities of the major crops they grow. 
As Van den Ban and Hawkins (1996) argue that farmers wiU leam more when their 
experiences in their own fields are used as a learning situation rather than when they merely 
listen passively to the instructor. However, the Extension system could create a simation in 
which farmers arrive at good decisions. What do farmers need in order to leam more about 
sustainable agricultural practices? How does one make sustainable agriculture information 
available to the farmers who do not use these practices? 
Sustainable Agriculture 
Sustainable agricxilture evolved progressively from the early 1900's when US 
agriculture reached levels of expansion (Batie et al., 1985). With adoption of mechanization 
in agriculture, it became easier to increase yields and size of farms and to reduce labor. The 
development in the areas of technology, adoption of hybrid seed, and later development of 
fertilizers and herbicides for weed control after the second world war further boosted 
agriculture production and shaped the direction of agriculture (Harwood, 1990). The success 
of US agriculture today resulted from the development of the fertilizer industry, seed 
technology, agriculture farm machinery, farmer know-how, and educational and extension 
systems which are the envy of the entire world. The demand for chemical use in agriculture. 
25 
especially herbicides, escalated when advanced mechanization changed the structure of 
agricultiure production. However, this success has its dark side. The use of farm chemicals 
in agricultural activities has led to public concerns about environmental pollution and health 
related issues. 
Many studies have documented the presence of harmful pollutants in aquifers and 
wells resulting from the heavy use of fertilizers and pesticides (Hallberg; 1986, Nielsen et al., 
1987). Some researchers have attributed deaths caused by leukemia, multiple myeloma and 
nonHodgkin's lymphoma to the extensive use of herbicides (Hallberg, 1985). A study in 
Iowa conducted by Lasley et al. (1990) concluded that 78% of Iowa farmers agreed that 
modem fanning relies heavily on insecticides, while 76% thought that modem farming 
depends too heavily upon chemical fertilizer. In general, pesticides are used on about 97% of 
the com and soybean acres in Iowa, while insecticides are applied to about 43% of the com 
acres in the State (ISU Extension, 1992). According to Uri et al. (1990), in the United States 
alone, herbicides account for about 85% of the 210 million kilograms of pesticides used in 
row crops and small grain crops. The demand for herbicide use escalated when advanced 
mechanization changed the structure of agriculture production. 
The use of sustainable practices has had a positive effect on the environment. These 
views are clearly upheld in the findings of a smdy conducted in the states of Iowa, North 
Dakota, Minnesota, and Montana (Bird et al., 1995). While several farmers had various 
reasons for adopting sustainable agriculture, a majority of them in the surveyed area were 
influenced by economic, environmental and health concerns (Bultena et al., 1995). Thus, 
what is meant by sustainable agriculture? 
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Francis (1990) argued that sustainable agriculture encompasses everything from 
organic farming to maximum economic yields. Due to a lack of clear definitions of what 
constimtes sustainable agriculture, several investigators have found it difficult to conduct 
appropriate scientific analysis of the different sustainable agriculture practices advocated 
(Buttel et. al., 1986). A review by Dunlap et al. (1992) revealed that no single definition of 
sustainability existed. In the statements tested, three fourths of the respondents, which 
included farmers and faculty members of Washington State University, believed that 
protecting the soil base and ensuring an adequate supply of wholesome food was definitely 
necessary to sustainability. However, in the same study the majority of the farmers thought 
improving the stability of the farm economy and adequacy of the farm income, and 
improving the health and well-being of rural residents were some of the items that were 
definitely necessary for sustainability. At the same time, faculty members thought improving 
knowledge and skill for making site-specific farming decisions were definitely necessary for 
sustainability. 
While the results of this smdy point to the variations that e.xist even within the same 
area, it is safe to say that we still need to know more about sustainable agriculmre systems. 
Allen et al. (1991) warned that investigators should not confine themselves within the narrow 
scope of their definitions in agronomic and economic terms. He believed that the social 
aspect needs to be emphasized as well. Youngberg (1989) defined altemative agriculture as, 
"any production system that in comparison to conventional practice, is particularly concerned 
with enviroimiental protection, resource conservation, food safety, and sustainability" (p. 34). 
Researchers have always had classifications of their own. Francis (1990) wondered 
whether sustainable agriculture itself is a philosophy, a long-term goal, or a set of 
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management practices. Defining sustainability in ecological terms. Crews et al. (1991) 
contended that profitability in terms of economics alone is not enough. Farming has to be 
economically viable and satisfy a farmer's needs. According to Crosson (1992), Sustainable 
agriculture is a system that can indefinitely meet demands for food and fiber at socially 
acceptable economic and environmental costs. Furthermore, Caldwell (1994) broadened the 
definitions of sustainable agriculture as: 
A more sustainable form of agriculture, in addition to the obvious 
environmental benefits, is likely to contribute to a larger farm population, 
increased employment, greater stability of the family farm, an increasing role 
for agriculture in local economic development, a more stable future for areas 
of marginal production, increasing protection from the uncertainty of world 
markets, less reliance on supply management and enhanced local marketing. 
(p. 361) 
All these definitions of sustainable agriculture are considered site-specific and depend 
on who defines them. Anderson (1995) advocated that the social aspect of alternative 
agriculture needs further research, and research should encompass the entire food system. In 
another study, Lockeretz (1988) (pp. 174-181) stated that the phrase "low-input/sustainable 
agriculture often is used synonymously with such terms as "altemative farming," "organic 
farming," "ecological farming" and "regenerative farming". He further ascertained that the 
term "low-input/sustainable agriculture "can be misleading in itself, because some practices 
which are considered sustainable, like organic farming, may increase some inputs." For 
instance, the use of labor in weeding operations might decrease pesticides. Young et al. 
(1991) pointed out the lack of standard set of criteria for classifying farmers into either 
conventional or sustainable farmers. Their study suggested that several classifications used 
were intercorrelated and had similar relations to four farmer characteristics (number of acres 
farmed, net income per acre, views on farm policy, and number of organizational 
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memberships). However, they concluded that it did not matter how one use the 
measurement. 
Harrington (1995) discussed the cause of unsustainability as being attributed to 
pressure on resources, population growth, poverty, policy and institutional concerns. The 
smdy credits direct, adaptive, policy-oriented and preventive components of farming systems 
research-extension (FSRE) for their contribution to sustainability. Lockie et al. (1995) 
considered economic aspects of sustainable agriculture as the major limiting factors to 
adoption of sustainable agriculture. 
According to Walter and Reisner (1994), land-grant university scientists generally 
view sustainable agriculture more narrowly than many critics of conventional agriculmre 
research. Batie and Swinton (1994) argued that sustainable agriculture has yet to be 
integrated into the Land Grant University. Extension still has not fully accepted it. "Many 
extension agents regard it as irrelevant or even in conflict with their expertise (Batie & 
Swinton, 1994, p. 24). 
Earlier, Bush and Lacy (1983) were concerned that land grant university- scientists 
were more concerned with the environment than non-productive issues. Ruttan (1987), 
arguing along the same line, believed that scientists equate environmental quality and social 
justice with productivity. The acceptance of sustainable agriculture by land grant universities 
is still minimal and fimding for research is often limited. 
Beus and Dunlap (1990, p. 609) believed that the differences between conventional 
and sustainable farming are clearly visible. They argued that conventional farmers consider 
the decrease in number of farms as an efficient way of producing. Those who embrace 
sustainable fanning think that the disintegration of the family farm has been brought about by 
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the inability to respond to economic, political and ecological change. Supporters of 
sustainable farming systems advocate for more farmers and development of decentralized 
processing and marketing systems. 
Proponents of conventional farming systems believe that large only capital intensive 
farms depending on external sources for energy, credit and information can achieve high 
productivity. Those who advocate sustainability of farms disagree with these views. They 
argue that smaller farms are better because they are self-sufficient and do not have an over-
dependence on outside resources. The proponents of sustainable views encourage farmers to 
contribute their knowledge, and emphasize the free flow of information from both scientists 
and farmers. Proponents of conventional farming consider profit and markets as inevitable 
ways of the competitive world. 
Sustainable fanners regard the family, health and rural community life as prime 
factors, and favor living in harmony with nature. They work to integrate agriculture with the 
natural enviromnent and derive pleasure from being with nature. The opposite views 
normally define conventional farmers who aim to control the resources that are provided by 
nature. In regards to ecology or the environment, sustainable farmers aim to preserve the 
natural resources for future generations. They believe in the simple lifestyle, moderate 
consumption and conservation of technologies. 
On the other hand, conventional farmers believe that humans have the potential to 
exploit the natural resources to the maximum ability. They are endowed with scientific 
knowledge of agricultural methods to increase food production to meet the needs of the 
world's population, and technology is the prime master. Conventional farmers, therefore, 
tend to specialize so as to derive the maximum economic efficiency with the use of science 
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and technology, whereas sustainable fanners prefer diversity in their production. The latter 
calls for greater genetic diversity, mixed cropping systems and livestock and cropping 
systems on the same farm and employment of various production and distribution systems 
that consider local conditions. 
Stauber (1994, p. 14) proposed the following principles of sustainabQity: 
1. It requires that humans approach aU major issues from the perspective of the system, 
rather than of species. 
2. It requires that humans attempt to optimize fulfillment of various values 
simultaneously, rather than maximizing just one dimension. 
3. It assumes that knowledge is personal, essential for survival, a product of interaction, 
and perpemally incomplete and evolving rather ±an fixed or static. 
4. It starts with the belief that the ecosystem has its own rules that continue to develop. 
These rules, which people do not entirely understand, cannot be violated without 
adverse consequences. 
5. Humans hold a special place with regard to sustainability, as the only species that can 
and will degrade the planet. Despite this special place, however, sustainability should 
not be defined solely in human terms. 
The goal of sustainability is the survival and well being of all species rather than 
humans alone. According to the Sustainable Agriculture Research and Education (SARE, 
1996) of the University of California, sustainable agriculture not only strives to preserve 
natural resources and change production practices, it requires commitment to changing public 
policies, economic instimtions, and social values. Several strategies have to be initiated from 
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specific and concentrated efforts to alter specific policies or reforming key institutions, 
rethinking economic priorities and even challenging social values that are held widely. 
The traditional conventional methods of farming and sustainable fanning approaches 
have often been compared, using the relative costs and benefits of each system (Martens, 
1989). In an effort to come up with clear criteria for the classification of approaches. Young 
et al. (1991) formulated classification schemes that employed two approaches: (I) farmer 
self-classification-self-description or self-perceived, similarity/dissimilarity with other 
fanners; and 2) researcher classification of farmers based on farmers' attimdes and on 
farmers' acmal practices. Their approach revealed three types of farmers: conventional 
farmers, sustainable farmers and those in transition or a mixed type. 
Bultena et al. (1995) found a similar trend in the Midwest. The question of how to 
conduct such a study itself has not been easy. Farmers and researchers who and consider 
conventional methods might refer to themselves as sustainable, given the set of practices that 
±ey follow. Therefore, it becomes necessary for researchers to formulate several techniques 
or practices that a fanner could respond to, and based on the responses received, the 
classification could then be drawn. On ±e other hand, as Young et al. (1991) suggested, 
researchers could use the characteristics of the responses to identify individual farmer's 
attitudes and whether they are similar or dissimilar with other farmers. 
Young et al. (1991) used two of the criteria proposed by researchers: attimdes and 
practices. Attitudes are defined as more or less permanent feelings; thoughts and 
predispositions people have about certain aspects of their envirormient. Three components 
are recognized: knowledge, feelings and inclinations to act. The attimde of a person could 
influence his or her behaviors. A person with a positive attitude towards sustainable 
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agriculture generally could be inclined towards adopting sustainable practices. The attitude 
of a person influences behavior because of the attributes of the social environment, the 
subjective norms, and people's perceived ability to carry out the behavior itself (Rajecki, 
1990). 
Farmers' attitudes towards sustainable agriculture as classified by researchers are, 
therefore, value laden (Madden, 1989). Other researchers such as Harwood (1984) believed 
that attitude is an important attribute that could be used in classifying individuals. For 
instance. Young et al. (1991) considered low input sustainable agriculture (LISA), farming 
techniques regarding views on soil erosion, ±e use of synthetic chemicals, and the use of 
energy inputs, as appropriate indicators of farmer attimdes. However, Crosson (1989) 
considered the use of attitudes inappropriate in a few selected categories, especially when 
used for comparing the impact of conventional versus LISA farming practices based only on 
the physical environment. 
Alternative approaches to classification that uses actual farm practices are considered 
relevant. Young et al. (1991) argued that researchers need to take into account the focus on 
practice, shifting from what the farmer perceives or thinks to what the farmer acmally does. 
The study further confirmed that using a classification scheme is advantageous. The scheme 
could be seen to be beneficial because it is practical. It is also specific and comparisons of 
findings across time periods could be feasible. The various relationships between the 
practices related to soil, water and air conditions could be assessed. 
The majority of the farming systems in the Midwest are either com or soybean based, 
and generally are regarded to be conventional farming. Several concerns of the public 
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regarding soil erosion, pollution of ground water and surface waterways have generated 
debate about the future of fanning, as we know it today. 
Bultena (1990) observed that people do not see themselves as others see them. The 
case of the soil erosion problem and water pollution has always been attributed to the misuse 
of farming practices, but a majority of farmers do not seem to see it on their own farm. In 
addition, farmers tend to point blame at the other farmer across the road as the one who 
caused the problem. Bultena and Hoiberg (1990), Lasley et al. (1993), and Mushambi (1985) 
perceived that it was difficult to convince the farmers to accept the fact ±at the activities that 
occurred on their farms might have caused soil erosion or added pollution in another area. 
Bultena and Hoiberg (1990) further suggested that when conducting such smdies researchers 
should state clearly that they are not interested in fault finding, but are only concerned with 
correcting the problems. They believed that when researchers are engaged in a dialogue with 
the farmer and incorporate, the farmer's point of view, there would be less misunderstanding. 
The current agricultural systems are heavily dependent on non-renewable energy 
sources (fossil fuels) for agricultural activities. In an attempt to solve this problem, on-farm 
studies have been conducted to compare the long-term productivity of organic and 
conventional fanning systems (Smolik et al., 1995). These studies used agronomic, 
economic and ecological performances of alternative, conventional and reduced-till farming 
systems over a seven-year period. Researchers concluded that alternative systems were the 
most energy-efficient. The distribution of nitrates in the soil profile and the potential for 
ground water pollution were higher in the conventional and reduced-till systems than in the 
alternative systems. Energy consumed for fuel, fertilizers, pesticides and their transportation 
was also higher in conventional and reduced tillage systems by about 3 to 4 times than in 
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alternative systems. The smdy found that altemative and reduced tillage systems limit soil 
erosion and helped curb nitrogen and phosphorus runoff. The altemative and reduced till 
systems provided adequate ground cover because of the use of forage legumes. 
The advantages of the use of sustainable agricultural practices have been found to 
include: yield stability, profitability, soil conservation and reduction in chemical leaching and 
chemical runoff (Beus & Dunlap, 1990; Lockeretz et al., 1981). Agricultural practices that 
are associated with sustainability include crop rotation, use of manure, strip cropping, use of 
biological process to control weeds and insects, and management of soil fertility and 
moismre (NAF, 1994; Wyse, 1994). These sustainable practices are used as a strategy by a 
majority of sustainable farmers who also use crop rotation, diversify crops, use cover crops 
like rye, use soil building crops (legumes), intensive grazing systems, cultivate lightly and 
integrate crops and livestock (Gardner et al., 1995). 
The farmers in Iowa, particularly sustainable farmers, are concerned that their needs 
have not been met (Birds et al. 1995). When farmers seek information they tend to have 
preconceived expectations ±at technology and practices that they plan to adopt will be better 
than the current practices they are using. It is important that extension or adult educators 
provide the information required. The flow of information then should be two-way. 
Programs often fail because those who deliver technology or new innovation do not involve 
the recipients and have little contact with the people who will receive the technology. If 
extension educators do not provide farmers with relevant up-to date information about 
sustainable agricultural practices and incorporate fanners' views into their research, it is 
unlikely that the practices will be adopted. The adoption of sustainable agriculture by 
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farmers will only be possible if farmers come to these decisions ±emselves, after they have 
acquired enough information about the practice. 
Adoption of Sustainable Agriculture Practices 
The adoption of any technology has not been universal. Some people generally are 
quick to adopt new ideas while others take time before they make up their minds to adopt the 
new technology. Studies in sustainable agriculture are relatively young, however, some 
farmers have already accepted sustainable agriculmral practices. In Iowa the members of 
Practical Farmers of Iowa consider themselves sustainable farmers. Their main reasons for 
adopting sustainable agriculture practices include: preservation of land, healthy lifestyle for 
their families, preservation of the environment, and personal satisfaction for caring for the 
land (Bird et al, 1995). For sustainable farmers, the adoption/diffusion model suggests that 
an individual will first become: (a) aware of the problem (i.e., they hear or leam about die 
technology); (b) get interested (i.e., seek further information); (c) evaluate the simation (i.e., 
weigh the advantages and disadvantages); (d) try out the technology (i.e., test the technology 
on a small scale); and (e) adopt it (i.e., apply the technology on a large scale (Lionberger & 
Gwin, 1982; Rogers & Shoemaker, 1971). 
Rogers (1995) believed the steps that are followed when adopting the technology 
depend on personal characteristics, orientation of the operators, and the farm enterprise itself. 
The characteristics diat are of importance include age, educational attainment, scale of 
farming operation, tenure status, and debt level. Those who adopted and those who did not 
adopt differed on the characteristics mentioned. Rogers agreed that the adoption process 
does not necessarily follow the same sequence, and in the final edition of his book he 
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proposed the following five stages m the process: (a) knowledge; (b) persuasion (forming 
and changing attitude); (c) decision (adoption or rejection); (d) implementation; and (e) 
confirmation. 
According to Lockeretz (1994), "Developing a truly sustainable agriculmre will 
require bold, imaginative thinking and strong first-hand familiarity with practical agriculture. 
It will require that we merge the science, the craft, and the art of agriculture" (p. 33). While 
the final decisions to adopt sustainable agriculture remain the prerogative of the individual 
farmer, it is generally assumed that outside factors have also contributed to these decisions. 
After a farmer has decided to adopt sustainable agriculture practices, the implementation of 
this decision requires additional learning and decision-making regarding what procedures to 
follow about the new practices. Farmers would like to know what management strategies are 
needed for the new way of farming and they will continue to gather enough information, 
making sure that they had made the right decisions. 
Some investigators (Crosson, 1984; Doster et al., 1983; Mueller et al., 1985) argued 
that the adoption process is tied to financial gain and conservation practices are not fully 
adopted by farmers. The farmers they smdied understood conservation irmovations are 
effective in reducing the degradation of natural resources and they attributed the benefits to 
be societal and environmental. Once the simation has been identified, there is a natural 
tendency to ask what can or should be done about the simation. After this determination has 
been made, the challenge begins relative to the adoption of technologies and ideas as well as 
government programs. According to Rogers (1983, p. 35), the characteristics of an 
iimovation as perceived by the members of a social system determine its rate of adoption. 
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Five attributes of innovations are emptiasized; (1) relative advantage; (2) compatibility; (3) 
complexity; (4) trialability; and (5) observability. 
What motivates farmers to change to sustainable farming practices? It has been 
shown that farmers' decision-making is often attributed to ±e following twelve factors 
(Office of Technology Assessment, 1990): 
1. Fanners make up a heterogeneous group with unequal abilities and unequal access to 
information and resources for decision-making. 
2. Fanner decisions are based on their fundamental reasons for farming; their objectives 
may not be clearly defined or articulated. 
3. Economic factors exert important, but not sole influences on farmer decision-making. 
4. Farmers typically make production decisions within a short time frame. 
5. Farmers make changes slowly. 
6. A farmer's innovation decision process consists of several sequential stages. 
7. Fanners adopt "preventive innovations" more slowly than incremental iimovations. 
8. Individual farm characteristics appear to explain only a small portion of conservation 
adoption behavior; institutional factors (e.g., farm programs, credit availability) are 
probably highly influential. 
9. Studies on adoption of farm practices have rarely examined the physical setting of 
adoption decisions or the extent of resource degradation as it relates to adoption of 
remedial farm practices. 
10. Farmers tend to underestimate the severity of soil and quality problems on their own 
farms. 
11. Farmers are most likely to adopt technologies with certain characteristics: 
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a. Relative advantages over other technologies 
b. Compatible with current management objectives 
c. Easy to implement 
d. Capable of being observed or demonstrated 
e. Capable of being adopted on an incremental or partial basis 
12. Decentralized information exchange among farmers promotes a wider range of 
innovations than do more centralized diffusion channels. 
Some investigators blame agricultural policies that encourage production efficiency, 
specialization and heavy use of chemicals as obstacles that hinder the adoption of sustainable 
agricultural practices (Duffy & Chase, 1989). There are other barriers that are imbedded in 
the adoption of sustainable agriculture. Individual farmer attimdes and the general society are 
still skeptical and look upon these practices as outdated. Bultena (1991) suggested that ±e 
opponents of sustainable agriculture, themselves, the conventional farmers, have to be 
targeted for educational programs, thus: 
.. .Diffusion could be accelerated by placing increased priorit>' on outreach 
programs for reaching conventional farmers who, while generally sympathetic 
to agronomic, environmental and social goals of the alternative agriculture 
movements, may feel trapped in conventional agriculture, that is persons who 
while open to change, lack the management skills, needed information, social 
support, and financial resources to successfully engage in a new form of 
agricultural production, (p. 51) 
Lack of management and analytical skills could have hindered further adoption of 
sustainable agricultural practices. Some farmers are skeptical about adopting more 
sustainable practices because they lack scientific information about these practices which 
includes productivity, financial profitability and social economic impact. Bultena et al. 
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(1992, p. 3) suggested that if people are concerned about the new practices. The following 
questions need to be raised: 
1. Widely adopted, how wUl sustainable agriculture practices affect this nation's output 
of farm commodities, production efficiencies, food prices, and national food security 
and food exports? 
2. How receptive are US fanners to adopting the new farming practices, especially if 
this requires major alterations in their present practices and/or increased financial 
risks? 
3. What factors are important in fanners' decisions to adopt sustainable practices, and 
how might these practices be more rapidly diffused? 
How will a shift to sustainable fanning practices affect the future size of farming 
operations, capital and labor inputs in agriculture, the financial stams of agribusiness firms, 
and the economic and social viability of farming communities? Several studies identified 
lack of information as one of main factors that hindered the adoption of sustainable 
agricultural practices by farmers (Korsching & Maiia, 1991; Petrzelka, 1991). However, it is 
not clear whether the adoption of sustainable agriculture by some farmers in Iowa has strictly 
followed the adoption model procedures. What is clear was the degree to which some of 
these practices were used specifically for soil and water conservation. 
Sustainable fanners have been using cultivation, cover crops, mowing and crop 
rotations in order to control weeds (Bird et al., 1995; Hanson et al., 1995). Hanson et al., 
(1995) further confirmed that the most critical areas in which the farmers needed help were 
in weed management, nutrient management and cover crop establishment. Wyse (1994) 
expressed this sentiment succinctly: 
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If new, more sustainable cropping systems are to become a reality, they must 
be based on ecologically derived weed management technology and the 
adoption of this technology must be supported by federal agricultural policy 
through incentives that reduce the risk of adoption by farmers, (p. 404) 
Weed Management 
Weed control problems are major concerns for both conventional and sustainable 
farmers. In particular sustainable farmers regard weeds as their major obstacles (Bultena et 
al., 1995; Jamtgaard, 1995 ). Weed control is one of the major management decisions in 
farming. Weeds compete with crops for nutrients, moismre, and light and consequently 
reduce yields. 
Crop yield loss due to weeds is enormous. In soybean production the percentage 
yield losses due to weed infestation is estimated to range from 5% to 10% for a slightly 
weedy condition to over 35% to 100% when weeds are not controlled (Aldrich & Kramer, 
1997). In addition, with the urban population expansion and the world's rapid growth in 
population, food production will soon become a major issue. Whether they like it or not, 
farmers will have to be responsible for feeding the world. Effective control of weeds is, 
therefore, critical to maintaining high crop production. While various methods of weed 
control are available, the majority of the farmers in the Midwest depend on the use of 
chemicals for effective control of weeds. 
How is weed control achieved? Weed management methods can be divided into 
cultural, biological, physical and chemical control. The first three methods are used as 
alternatives to chemical weed control, and when a combination of two or more of these 
methods are utilized, its called integrated weed management. Integrated weed management 
encompasses all techniques that are used in cropping systems so as to minimize the effect of 
weed interference in crop jdeld and also reduce the impact of crop production on the 
environment (Swanton & Wiese, 1991). The components of the integrated weed 
management include tillage, crop rotation, crop and crop cultivar competitiveness, mineral 
nutrition, plant and row spacing and several other methods of weed control. 
The use of an Integrated Pest Management (IPM) approach is now being emphasized. 
Such techniques requires a multidisciplinary team of experts in different fields to work 
together to enhance environmental awareness. Farmers would adopt successful pest 
management strategies if these strategies were profitable. The human aspect and the 
environmental impacts that are accrued from the use of the pest management techniques can 
also be quantified, and in a majority of cases the IPM techniques are based on an economic 
threshold (Antle & Wagenet, 1995). 
If IPM principles are applied it will only require the use of pesticides in a limited 
amount and only when necessary for control of pests. This will include regular application of 
pesticides at the correct rate, scouting fields to determine the type of pesticides and proper 
treatment needed. Spot treatments are also encouraged, especially when pests are available 
in one particular field. A combination of methods can also be used, but the benefits and risks 
have to be evaluated, and only then can the methods that are most effective be chosen 
(Swanton & Wiese, 1991). A study in Iowa (Bultena et al. 1990) indicated that 90% of the 
conventional, transitional and sustainable farmers use at least one altemative method to 
control weeds mostly through cultivation or rotary hoe. 
The current farm policies that favor conventional farming systems and chemical 
control of weeds seem to be the predominant option (Bird et al. 1995). However, Forcella 
and Bumside (1994) predicted that over the next 10 to 20 years chemical weed control will 
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decrease, mainly because of social and environmental concerns, while cultural and biological 
weed control will gain importance. They perceived physical weed control to be the easiest to 
substimte for chemical control, and gave the following rationale: (a) Chemicals will continue 
to provide a "quick fix" for weed problems. Formnately, new chemicals will be safer and will 
be used more judiciously in a truly integrated weed management program; (b) Both 
traditional and novel mechanical implements will be important aids in future weed 
management. Their use wUl be coupled with knowledge of weed seedling ecology: (c) 
Crops, including smother crops, engineered for high competitive ability will complement 
physical control; and (d) Biological agents, notable plant pathogens and their metabolites, 
will be used more likely in the management of specific weeds. The appropriate weed 
management should probably start with sanitation, where a thorough knowledge of those 
weeds that might cause problems can be identified. 
In the United States alone, over 2000 plant species have been categorized as weeds 
(Aldrich & Kramer, 1997). Weed management should, therefore, start with: (a) prevention 
of weed propagules from entering an area; (b) exclusion when propagules are detected at 
ports of entry; (c) detection, contaiimient and eradication of colonies; and (d) perpemal 
control of widespread species (Hobn et al. 1977, cited in Forcella & Bumside, 1994). 
Higgs et al. (1990) confirmed that the use of forage crops in rotation will help break 
weed, insect and crop disease cycles without use of pesticides, while it improves organic 
matter content and soil structure. The smdy further ascertained that com root worm will not 
be a problem for com following alfalfa in rotation and stem rot in soybean is also controlled 
in this rotation. Some weeds, such as wild oats, wUd proso millet and fall panicum which 
caused problems in monoculture, are adequately controlled via rotation. 
43 
In a study of nitrogen available to com following alfalfa El-Hout and Blackmer 
(1990) predicted that, if farmers take advantage of the N supplied by the alfalfa, they would 
increased their profits and consequently reduce ground water contamination. The rotation of 
com, soybeans, oats and hay is considered to help keep weeds, insects and diseases in 
balance. The use of different crops in strip intercropping is also utilized and other crops 
grown along the strips have been found to benefit from multiple crop rotation (Cruse, 1990). 
Other advantages of rotational cropping systems include: (a) Positive allelopathy 
effects; the residues of some crops stimulate subsequent crops. Wheat residues improve com 
yields and vice versa, while alfalfa residues are auto-toxic to alfalfa; (b) Diversification-when 
different crops are grown on the farm, time and labor requirements are adequately 
distributed, resulting in a reduced power requirement for the main machine tillage; (c) Value-
added potential—the crops grown on the farm can be recycled back to the farm through 
livestock feed. This will raise the value of livestock products, and the use of livestock 
manure will also minimize the use of commercial fertilizer, and (d) Protection of ground 
water and surface water. When the use of pesticides are reduced, water quality will be 
improved. 
Crop ability to compete with weeds is constantly being improved. Tall plants with 
horizontally oriented broadleaves may limit light penetration at ground level. This may also 
reduce light at soil surface and subsequently decrease germination of some weedy species 
and seedling growth (Ford & Pleasant, 1994). 
Cultural weed control that involves the use of management approaches such as sowing 
date, seeding rate, row spacing, crop species and variety selection, crop rotation, and smother 
crops are recommended (Forcella, 1991). Forcella and Bumside (1994) observed that proper 
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selection of the crop and variety is one of the important aspects of weed management The 
differences in the growth rate between crops and weeds, the time of crop canopy cover and 
the vigor of root development are some of the competitive characteristics that have to be 
taken into account when weed management is planned. The use of smother crops has been 
utilized. This uses the crop's mechanical ability to inhibit the germination of weeds. For 
instance the use of winter rye cover has effectively suppressed the growth of weeds, when 
used together with application of glyphosate or paraquate (Shear, 1985, quoted in Forcella & 
Bumside, 1994). Wyse (1994) reported the new smother plant developed by crossing a 
dwarf-Brassica campetris with Chinese cabbage that, when seeded in a band over com and 
soybean rows, germinated and remained competitive with weeds and yet had limited 
influence on com and soybean development. 
Tillage practices for weed control are still used by many farmers. Tillage in row crop 
production consists of primary, secondary and tertiary procedures. Primary tillage involves 
moldboard plowing or chisel plowing. Secondary tillage is performed after the primary 
tillage and before crop sowing with tandem disks or field cultivators plus harrows, and 
tertiary tillage is done after planting and consists of: (a) rotary hoeing, or harrowing; and (b) 
inter-row cultivation (Forcella & Bumside, 1994). Some sustainable farmers of Iowa use 
these alternative weed management strategies. Thompson (1995) believed that farmers could 
save the costs of herbicides and control weeds by using ridge tillage without herbicides. 
Needs Assessments 
If weeds are causing problems under both conventional and sustainable farming 
techniques, how does one gather information relative to what the current problems are and 
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determine what fanners think about the problem? One way to assess the problem is to 
conduct a need assessment. What does the group need? From the activities in which the 
group is involved, it is possible to analyze their needs. Witkin (1984) defined needs 
assessment as: "a systematic set of procedures undertaken for the purpose of setting priorities 
and making decisions about program or organizational improvement and allocation of 
resources. The priorities are based on identified needs" (p. 4). Oliva (1984) defined needs 
assessment as: "...a tool which foraially harvests the gaps between current results (or 
outcomes, products) and required or desired gaps (needs) of the highest priority order, and 
selects those through die implementation of new or existing curriculum or management 
processes" (p. 317). 
Need assessments are widely used in education for determining goals and priorities 
for program planning activities (Witkin, 1984). The use of needs assessments in Extension 
education programs with sustainable farmers could help identify the gaps between what the 
farmers learned about sustainable practices (the present outputs) and what they further need 
to learn about sustainable agriculture (the desired outputs). Several methods of conducting 
needs assessments exist. CaffareUa (1982) proposed: (1) surveys; (2) key informant 
interviews; (3) consultants; (4) observations; (5) group meetings; (6) review of written 
material; and (7) informal measures. 
Boyle (1981) suggested formal needs assessment such as: (1) surveys; (2) critical 
incident approach; (3) individual profile; and (4) competency analysis. Techniques used for 
conducting needs assessments include: (1) informal conversations; (2) physical evidence; (3) 
document/reports; and (4) observations. Boyle further ascertained that the approach used 
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will depend on: (1) the type of the program developed; (2) the nature of group served; (3) 
availability for involvement; and (4) availabiKty of resources to conduct the program. 
In a smdy conducted in Iowa regarding soil conservation, Mushambi (1985) stated; 
...an educational program is based on the relatively unbiased presentation of 
fact, and a comparison can be made between what is ...and what should be. 
When this state is created, then, through an educational program, the learner 
(farmer) can be motivated, stimulated, incited to take some action in order to 
fulfill the need to find a substitute to restore the equilibrium, (p. 89) 
Smfflebeam et al. (1985) listed the process of conducting a needs assessment as a set 
of six activities with ten steps: 
1. Identifying the clientele (or target group) 
2. Setting purposes of the needs assessment 
3. Preparing to do a needs assessment 
Step I: Communicating a decision to complete a needs assessment with a 
commitment to planning 
Step 2; Identifying persons who will be involved in the planning and overseeing of 
the needs assessment 
Step 3: Developing specific objectives for the needs assessment 
Step 4: Determining budget and time frame 
4. Gathering desired needs assessment information 
Step 5: Selecting survey methods and designing data collection techniques 
Step 6: Collecting data 
5. Analyzing the needs assessment information 
Step 7: Analyzing data and detemodning points of agreement and disagreement 
6. Setting priority and planning action 
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Step 8: Ranking the needs from most critical to least critical 
Step 9: Selecting those needs for immediate attention 
Step 10; Developing specific objectives, plan of action, and evaluation procedures for the 
selected problems. 
The suggested methodologies for needs assessment include: analysis of secondary data and 
social indicators; focus groups; and mapping techniques (Percy-Smith. 1996). 
Bradshaw (1972) argued that how needs are defined might depend on the values and 
perspectives of the different groups involved. In the "taxonomy of need" he observed four 
categories: normative needs which are based on the agreed standards determined by the 
experts, felt needs (the needs identified by individuals themselves), and expressed need and 
comparative need which represent the needs of the group of individuals relative to those of 
another group with similar characteristics. Soriano (1995) emphasized the need to 
distinguish needs assessment from program evaluation. A needs assessment is primarily 
used to collect data on the need for or current use of services or information. The 
information gained will then be used to make further decisions regarding the program 
services. On the other hand, program evaluation is mainly concerned with evaluating 
effectiveness of the program. 
Sustainable farmers need a wide range of information that relates to sustainable 
agricultural practices. What can extension education do to provide the information needed? 
What changes do the extension education agent expect from farmers? In order to promote 
sustainable practices, extension organizations will have to know the current management 
decisions of farmers and why they do what they are doing. These include the whole farming 
complex interrelationship between farm enterprises, exchange of labor between large and 
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small fanns, farm marketing strategies, and credit. These interrelationships are influenced by 
the resources different groups of fanners have, such as land and capital, and by their access 
to services provided. Is it possible that farmers who consider themselves sustainable strive 
for different goals that require different approaches? 
Bird et al. (1995) argued that some of the issues that are of great concern to 
sustainable farmers contain biases against their use. Under the farm commodity programs, 
crops that qualify are primarily com, grain sorghum, wheat, barley, cotton, oats and rice. 
The US Department of Agriculture (USDA) makes "deficiency payments" to farmers as 
compensation for shortfalls between market prices and congressional established "target 
prices" on selected crops. Many crops that sustainable farmers grow are excluded from the 
legislation that establishes deficiency payments. Examples of excluded crops are forage 
plants-alfalfa, clover, rye, millet, triticale, amaranth and even soybean. In addition, the target 
price for oats is set very low. In a situation such as this, sustainable farmers have to rely on 
themselves. 
Percy-Smith (1996) argued that community need assessments might differ from one 
community to another, and while the people who live in the same area are linked together in 
some ways, there are always distinct characteristics that make individuals differ from each 
other. Two types of communities are recognized, the spatial community (as a result of 
people living together) and the conununity of interest (due to one or two shared 
characteristics). Sustainable agriculture farmers can easily fit into the category of the 
community of interest group because of the conmion goal of adapting to sustainable farming 
practices. 
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The use of needs assessment would, therefore, help gather valid and reliable 
information regarding agricultural practices that farmers consider sustainable. Sustainable 
farmers used fewer purchased inputs and more management (Bird et al., 1995); Bultena et al., 
1992). This means that a need exists to create knowledge that sustainable farmers can use to 
manage more effectively and reduce their need for purchased inputs. 
Fanners need information for the decisions and how much of the information is 
already available. Van den Ban and Hawkins (1996) perceived ±at extension specialists 
have to decide: (1) the goals they are aiming at; 2) the target group they wish to help with 
opinion formation and decision-making; (3) the content of the extension message; and (4) the 
extension method or combination of the methods to be used, and how they will be used. No 
matter how smooth the extension programs look, the achievement of all the activities plaimed 
can only be possible if farmers are willing to take action and change their attitudes. The 
anticipated change would rather depend on farmers, because farmers do understand their own 
problems, and as often is the case, their request for help has to be met with ready solutions. 
Van den Ban & Hawkins (1996) argued that sometimes farmers do not diagnose the 
cause of a problem and often underestimate its importance. Therefore, it is important that a 
needs assessment should: "Identify the gaps between the learners' current and desired 
proficiencies as perceived by the learner and others; that is, it should help define the "what 
is" and "what should be" (Galbraith, 1990, p. 8). 
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Program Development 
The programs chosen must be planned in order to meet the identified needs. If 
education for sustainable agriculture practices is to be effective, the principles of program 
planning have to be followed. According to Van den Ban and Hawkins (1996): 
Planning is a process of selecting and designing a rational course of collective 
action to achieve a future state of affairs. Programs can be defined as an 
attempt by an inclusive organization to influence the behavior or conditions of 
its members by the provision of a set of activities in which participation is 
voluntary, (p. 91) 
Direct participation of the learner in planning enhances learning, motivation or 
attimdes towards the program (Sork & Caffarella, 1989). Boyle (1981) and Knowles (1980) 
believed that program planning can serve as a benchmark for measuring the progress and 
achievement of a program and can provide motivation to get the job done. It should flow 
from the needs that have been identified, and should be as explicit as possible. For ease of 
communication an instructional plan must be followed. Instructional objectives have to be 
formulated. This will make clear what the end product might be, what to select, the order of 
content, and what the possible design the instructional process should have, so that 
appropriate resources and determination for evaluation procedures selected. Three categories 
of learning outcomes are usually identified: knowledge acquisition, skill, and a change in the 
attitudes or values of a person. These objectives provide the starting point for selecting the 
specific content for each objective and then expanding this until a detailed outline is achieved 
(Cranton, 1989). Planning involves decision making for short or long term gain. Francis et 
al. (1988, p. 125) suggested the following steps for sustainable agriculture; (1) focus on 
systems rather than compounds; (2) focus on internal resources; (3) focus on information as a 
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key production input; (4) focus on process rather than product; (5) focus on diversity of 
enterprises and products; and (6) focus on value based decisions. 
Most of the activities that are encouraged in sustainable agricultural practices are 
considered to have enhanced the long-term sustainability of land (Hassenbrook & Kroese, 
1990). Farmers are faced with decisions every day. They have to consider management 
decisions that would help them choose suitable varieties, soil fertility packages, pest 
management approaches, tillage systems, and crop selection for rotation. A decision made 
today could also be changed due to a weather change, plant diseases, soil tj^es and labor 
constraints. While extension specialists could help overcome the problems, farmers 
themselves have to make the final decisions and make their own judgments. When making 
choices. Bos (1974, cited in Van den Ban & Hawkins, 1996) said that we must pay as much 
attention to our knowledge and interpretation of the facts as to our goals and means. In his 
decision-making model. Bos perceived that a distinction needs to be made between the 
choices to be made and the knowledge which has to be gathered to make choices. 
The goal of program development is therefore to increase farmers' knowledge about 
sustainable agricultural practices. Program goals can encompass the whole farming system. 
The goal of a single farmer can range from immediate food production to feed the family to 
the immediate goal of seeking ways to increase productivity on the farm, leading to higher 
yield increases and enough surplus for sale. Program development, therefore, will have to be 
designed with farmers to meet the objectives possibly by the easiest, cheapest and most 
acceptable means. For example, in order to achieve short-term objectives of increasing or 
maintaining yield production of com and soybeans using sustainable agricultural practices, 
the practices available have to be practical and fit the farmers' situation. Data on yield under 
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sustainable conditions have to be made available to farmers and all questions pertaining to 
marketing, crop failm^, prices of commodities, labor and other concerns about sustainable 
agriculture in general have to be provided. 
In formulating goals several factors must be considered. For example, what are the 
current perceptions of extension personnel on sustainable agricultural practices? In the 
smdy, "Promoting sustainable agriculture through existing agencies and organizations," 
Padgitt and Lasley (1993) found that extension staff accepted the principles and practices 
underlying sustainable agriculture. However, at the same time, they did not see that the 
sustainable practices necessarily led to higher benefits, such as better quality products, higher 
yields and fewer weeds. 
What is the desired sustainable situation? What are some possibilities for bringing 
about changes through extension programs using available resources and manpower? The 
current situation of sustainable fanning practices is known (Center for Rural Affairs, 1991; 
National Research Council, 1989; NAF, 1994). Farmers employing sustainable agricultural 
practices use crop rotations, manure and strip cropping, depend on biological processes for 
weed control and insects, and manage soil fertility and moisture. The sustainable farmers 
diversify their farming systems in order to improve the soil, break up pest cycles, and help 
stabilize and increase farm income (NAF, 1994). 
Not withstanding the positive effects associated with sustainable agriculture, 
conventional fanning is still practiced by a majority of farmers. In Iowa, conventional 
farmers apportion on an average about 94% of their cropland to com and soybeans, while 
sustainable farmers raised these crops on only 61% of their cropland (NAF, 1994). Smdies 
that compared conventional and sustainable farmers found that some factors such as 
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production, management, enviroimient, and personal/familial have had an impact on both 
farms owned by sustainable and conventional farmers (Bultena & Hoiberg, 1992). Program 
development, therefore, needs to focus on one area of sustainable agricultural activities. For 
instance more information a bout sustainable agriculture as it relates to weed management is 
needed. When farmers are aware of the pros and cons of the practices available, they will be 
able to make their own decisions, and possibly solve their own problems. 
Exchange of information through farmer-back-to-farmer approaches (Rhoades, 1984) 
could also facilitate the spread of information between farmers. Sustainable farmers have 
effectively utilized this method of information delivery. It involves participatory research in 
collaboration with institutions of higher learning. Practical Farmers of Iowa (PFI) have 
engaged in collaborative work with Iowa State University with the goal of promoting farmer-
to-farmer information-sharing about profitable, practical, and environmentally sound farming 
methods (Rusmore, 1995). 
Target group selection is very important in program development and planning, 
because, if the group is well defined, decisions that affect choices of the goals, the content of 
the information, the methods of delivery, resources required and the manpower needed can 
help achieve goals quickly (Van den Ban & Hawkins, 1996). As previously indicated, not all 
farmers in the area embrace sustainable agriculture practices. Some conventional farmers 
believe sustainable agriculture is not a viable form of farming and they do not consider 
adopting it. Different groups have different information needs for their decision making, 
even within the same organization (e.g., differences in soil types, topography, rainfall 
pattems within different farms could alter management decisions). Educational needs of 
each region should be formulated based on such differences. In Iowa, com and soybeans are 
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the main crops grown, altliough other crops such as oats and rye are also intensively grown. 
The Extension education approach to such diversified groups will have to be prioritized. 
Extension educators, therefore, should know enough of their target group's needs regarding 
issues such as environmentally safe weed management strategies appropriate to the needs of 
individual farms. 
Summary 
The review of literature on adult education, sustainable agriculture, program 
development, weed management and extension education used in this smdy provided the 
direction for the current smdy on the "Perceptions of sustainable agriculture practices 
regarding weed management and the implications for agriculture extension education." The 
literature review revealed that weed control is one of the major management decisions for 
farmers. It is, therefore, necessary to develop educational programs appropriate to the needs 
of farmers. To develop effective educational programs, it is important that sustainable 
agricultural practices associated with weed control are fully assessed. Weed management 
techniques, adult learning, program development and extension education were explored. 
The information provided highlights regarding the pros and cons of sustainable agriculture 
practices and the concept of sustainable agriculture itself. The issue of environmental 
pollution, health and protection of nature for future generations provided evidence for the 
adoption of sustainable agriculture by some farmers. 
A review of the literature clearly indicated that sustainable agriculture is still an area 
that reqizires further study. Farmers who use sustainable agricultural practices and those who 
use conventional methods of farming do not seem to agree on what they consider sustainable. 
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Probably, the researchers themselves have similar confusion regarding this topic. In general, 
regardless of what methods they use, the majority of the farmers generally would like the 
farm to support them and make an adequate income from their occupation. There is still a 
lack of enough information about sustainable agriculture as depicted in the literature 
reviewed. Some of the conventional farmers seem to be aware of the sustainable fanning 
techniques but they lack an informational package that would help them in farming. 
Extension education and researchers in agronomic fields should, therefore, work together 
with farmers to provide appropriate informational packages that cater to the farmer's needs. 
Weed control is one of the major problems that farmers throughout the world 
continue to fight. Some limited success in sustainable farming simations has been reported 
(Forcella & Bumside, 1994), however, the major weed control methods of today rely on the 
use of chemicals. Farmers are aware of the problems that are caused by weeds, but what they 
need to know is how to select methods of control that are appropriate for their particular 
farms. Weeds do change with management strategies, and with careful management 
strategies, some weeds could be controlled (Swanton & Wiese, 1991). 
There is a need for adult education programs in agricultural farming communities. 
Adults will learn when there is a need for them to learn. Then learning becomes oriented to 
the activities in which a person is involved. Adults have been known to seek knowledge 
directed towards solving problems (Knowles, 1980). As Brookfield (1986) urged, the 
teaching and learning process involves complex interaction. Therefore, a variety of teaching-
learning principles should be applied which include different approaches of teaching 
methods, techniques and instructional tools appropriate to the adult setting. The appropriate 
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application of these teaching techniques will make learning more effective, efficient and 
acceptable to the adult environment. 
Research Questions 
The following research questions formed the basis for this study: 
1. What perceptions do the farmers in Iowa have about the use of sustainable agriculture 
practices for weed control? 
2. To what extent are farmers in Iowa aware of the selected sustainable agriculture 
practices associated with weed control? 
3. To what extent are the farmers in Iowa interested in learning about sustainable 
agriculture practices associated with weed control? 
4. To what extent do the farmers of Iowa attach importance to the management 
strategies/decisions for implementing sustainable agriculture practices associated with 
weed control programs? 
5. What source of information do the farmers of Iowa rely on for sustainable agricultural 
practices associated with weed control? 
6. What are the best demographic characteristics of the farmers in Iowa that could be 
used for comparing selected variables in the smdy? 
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CHAPTER m. METHODS AND PROCEDURES 
The main purpose of this study was to determine and analyze farmers' perceptions 
regarding the adoption of selected sustainable agriculture practices specifically associated 
with weed control in Iowa. A secondary purpose was to identify the implications of these 
perceptions of sustainable practices for agriculmral extension education. The specific 
objectives of this smdy were: 
1. Determine perceptions held by farmers regarding the use of sustainable agriculture 
practices on weed control. 
2. Identify farmers' use of selected sustainable agriculture practices associated with 
weed control. 
3. Determine the level of interest by farmers about learning sustainable agriculture 
practices associated with weed control. 
4. Determine the level of importance farmers attach to the management 
strategies/decisions for implementing sustainable agriculture practices associated with 
weed control programs. 
5. Determine the source of information for sustainable agriculture practices associated 
with weed control. 
6. Identify the demographic characteristics and conduct comparisons with selected 
variables in the smdy. 
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Population and Sample 
The population of the study consisted of selected Iowa farmers. The Iowa Farm 
Bureau Federation data List of 90,000 farmers served as the data source from which the 
sample was selected. Random selection was used in accordance with Krejcie & Morgan 
(1970) and resulted in a sample size of 384 farmers for the smdy. However, 116 farmers 
were sampled above the acmal population size. Thus, a total of 500 farmers received 
questionnaires for this smdy. 
Design of the Study 
The study used a descriptive-correlational design and the data were analyzed using 
quantitative methods. The use of descriptive smdies is widely used in educational research. 
According to Borg and Gall (1983), descriptive studies are mainly conducted in order to find 
out "what is," while correlational studies are concerned with clarifying the magnimde of the 
relationship between two variables. The data were collected by a mailed questionnaire. 
Instrument Development 
The instrument used for the collection of the data was a questionnaire (Appendix A). 
Development of the items in the questionnaire (perceptions regarding sustainable agriculture 
practices on weed control, use of or interest in sustainable agricultm-e practices for weed 
control, unportance of management strategies for implementing sustainable agriculture 
practices for weed control programs and sources of information for sustainable agriculture 
practices for weed control) were based upon a comprehensive review of the literature, 
suggestions made by researchers in agricultural education and sociology, modified 
questionnaires from North Central (NC) Project 216 and the experience of the researcher. 
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The questionnaire was made in a booklet format with clipart cartoons depicting Iowa 
farm life. It consisted of five parts dealing with: (1) perceptions regarding sustainable 
agriculture practices on weed control; (2) use or interest in sustainable agriculture practices 
for weed control; (3) management strategies for implementing sustainable agricultural 
practices; (4) sources of information for sustainable agriculture practices for weed control; 
and (5) demographic characteristics of the respondents. Part A consisted of questions about 
perceptions held by the respondents. The respondents were asked to use a five-point Likert-
type scale (1-5) to indicate the degree of agreement with the statements. The descriptors of 
the scale were as follows; l=strongly disagree, 2=disagree, 3=neutral, 4=agree and 
5=strongly agree. Part B had two sections with the same selected sustainable agriculture 
practices. The respondents were asked to respond to statements regarding the use of 
sustainable agriculture practices for weed control and interest in sustainable agriculture 
practices for weed control. The statements were measured using a Likert-type scale (1-5) to 
indicate whether the respondents use or were interested in the selected sustainable agriculture 
practices for weed control. Descriptors for the scales were as follows: l=not at all, 2=very 
little, 3=sometimes, 4=often, 5=always for the use scale section, and l=no interest, 2=Iittle 
interest, 3=somewhat interested, 4=interested and 5=very interested for ±e interest scale. 
Part C consisted of questions designed to obtain farmers' responses regarding the 
level of importance the respondents attached to the strategies or decisions for implementing 
weed control programs. The level of importance farmers attached to the management 
strategies. A five-point Likert-type scale was also used, with descriptors for the scale as 
follows: l=not important, 2=little importance, 3=somewhat important, 4=important, and 
5=very important. 
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Eq part D the respondents were asked to identify and rate the selected sources of 
information that they found useful for obtaining information on sustainable agriculture 
practices associated with weed control. The statements were measured using a Likert-type 
scale (1-5), with descriptors for the scale as follows: l=of no use, 2=of little use, 3=not sure, 
4=useful, and 5=very useful. 
The final section (Part E) was on the demographic characteristics of the respondents. 
The participants were asked to respond to a series of questions regarding the farm operations, 
activities at the farm, the use of inputs, weed problems, years of farming, herbicides used, 
tillage practices used, and a comment on the general views of the fanners regarding the use 
of sustainable agriculture practices for weed control. 
In order to establish its content validity, the questionnaire (Appendix A) was 
reviewed by the researcher, major professor, committee members, a professor in the 
Department of Sociology at Iowa State University, and a faculty member in the Department 
of Agricultural Education and Studies. Clarity and the readability of the instrument were 
improved after the review by the committee and suggestions made by reviewers. A revised 
version of the questionnaire was given to a group of farmers not included in the sample for a 
readability test and pilot test. The instrument with the research proposal was then submitted 
to the Human Subjects Committee at Iowa State University (Appendix B). The Human 
Subjects Committee review confirmed that the rights and welfare of the human subjects were 
protected, indicating that the potential benefits and expected knowledge obtained from the 
study outweighed the risks, and that the confidentiality of the participants and the data were 
assured. 
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Data Collection 
The researcher originally planned to cover the whole of the Midwest; however, only 
data from Iowa were obtained in time for this smdy. The Iowa Farm Bureau Federation 
provided its data list. Through telephone correspondence, the Farm Bureau was asked to 
support the smdy. After receiving the questionnaire and the cover letter, the Farm Bureau 
sent randomly selected names of farmers for the smdy. Six hundred names were requested 
and the Farm Bureau sent the labels for mailing. Five hundred names were randomly 
selected out of the lists given by the Farm Bureau for the study. According to Salant and 
Dillman, (1994), for a population of about 100,000 members with expectations of an even 
split on the characteristics being smdied, a sample of 383 is needed to make estimates with a 
sampling error of no more than plus or minus five percent, at the 95 percent confidence level. 
Overall, 500 questionnaires were sent in this smdy. 
The questionnaire was coded solely to enable the researcher to track nonrespondents 
for a follow-up invitation to participate in the smdy. It was sent enclosed in the same 
envelope with a cover letter to all selected farmers e.xplaining the importance of the smdy 
and seeking their participation in the smdy. Participants were mailed the questioimaire 
during the first week of July, 1997. A follow up letter was sent to non-respondents after 
approximately twenty days had elapsed. A second mailing of the questionnaire was sent 
during the final week of August 
As a way of controlling the non-response error, a double-dip procedure representing 
10% of the non-respondent farmers randomly selected were interviewed. The respondents 
were asked to respond to the selected questions from the questionnaire. There were no 
significant differences between the data from the respondents and non-respondents. 
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According to Miller and Smith (1983), when no significant differences are found between the 
respondents and the sampled respondents (non-respondents) from the double dip group, the 
study can be generalized to the population. 
One hundred eighty-two questionnaires were received from the farmers. Out of 
those, a total of 172 usable questionnaires were employed for the statistical analysis of the 
study. 
Analysis of Data 
The following analyses of the data were conducted: 
1. A frequency test to check the completeness of the modified data. 
2. A post-hoc reliability test using Cronbach's alpha reliability to test the intemal 
consistency of the items in the instruments. 
3. Descriptive statistical procedures using the Statistical Package for the Social Science 
(SPSS), Windows, ver. 7.5. This procedure yielded percentages, means, and standard 
deviations. 
4. The Pearson product-moment correlation procedure to determine whether there was 
significant relationship between some of the demographic variables in the smdy. 
5. Analysis of variance to determine whether significant differences existed in the 
perception statements when the respondents were grouped by the following selected 
demographic variables (years of farming, total acreage of farming operation, acres 
owned and acres rented, level of education attained, and income from fanning). The 
Scheffe post-hoc test was used to locate the source of differences when significance 
(p=<.05 level) was found. The 0.05 level of significance was established a priori as 
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the critical standard of rejection. Open-ended questions on the instrument were 
grouped by important themes and their significance to the study assessed. 
Limitatioiis of the Study 
The study was subjected to the following limitations: 
1. The information from this study was limited to Iowa Farmers. 
2. The smdy was limited to the degree to which the farmers in the smdy interpreted 
sustainable agricultural practices, viewed weed problems, and described their 
perceptions regarding sustainable agricultural practices associated with weed control. 
3. The researcher over-sampled the data for the smdy, expecting a low response as a 
percentage of the whole due to the fact that farmers generally do not respond very 
well to mailed survey questionnaires (Lasley, 1992). There may be some limitations 
to a low response rate, nevertheless, the researcher accepted 172 responses as 
credible. Therefore, it appears reasonable to conclude that findings in this smdy were 
representative of farmers in Iowa. 
Assumptions 
The following basic assumptions were made for the purpose of this smdy: 
1. The farmers in this smdy were knowledgeable about the use of sustainable 
agricultural practices associated with weed control. 
2. Farmers gave accurate, objective, and honest responses to each of the areas of the 
questionnaire. 
3. The sample used in the study was representative of the views of the farmers in the 
smdy. 
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4. The findings of the study would be helpful to agricultural educators, extension 
educators, agronomists, and others involved in policy-making, planning and 
implementation of agricultural education programs for farmers. 
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CHAPTER IV. FINDINGS 
The main purpose of this study was to determine and analyze farmers' perceptions 
regarding the adoption of selected sustainable agricultural practices specifically associated 
with weed control in Iowa. A secondary purpose was to identify the implications of these 
perceptions regarding sustainable agriculture for agricultural extension education. 
This chapter includes the results obtained from the statistical analysis of the data. 
The chapter also includes some comments made by the respondents. The chapter is divided 
into the following sections: (a) Reliability Test; (b) Demographic characteristics of 
respondents; (c) Perceptions of respondents regarding sustainable agriculture practices and 
weed control; (d) The use of sustainable agriculture practices for weed control; (e) The 
interest of respondents in the sustainable agriculture practices for weed control; (f) 
Importance of management strategies for implementing sustainable agriculture practices for 
weed control programs; (g) Sources of information for sustainable agriculture practices for 
weed control; (h) Comparisons regarding perception variables; and (i) Comments made by 
farmers. 
Reliability Tests 
La order to examine the level of internal consistency and stability of the grouped items 
in the instrument, the Cronbach's alpha procedure was used. The results of the reliability test 
are presented in Table 1. The items were divided into five subgroups for the analysis of 
reliability. The alpha coefficient for the subgroups ranged from .51 to .92. The low 
reliability (.51) of perceptions of sustainable agricultural practices might be due to the 
differences in the items measuring different aspects of sustainable practices. Table 1 shows 
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Table 1. Results of reliability tests for the instrument subgroups (sustainable agricultural 
practices) 
Subgroup No. items Cronbach's alpha coef. 
Perceptions of sustainable agriculture practices 14 .51 
Use of sustainable agriculture practices 17 .64 
Interest in sustainable agriculture practices 17 .90 
Importance of management strategies for sustainable 19 .91 
agriculture practices 
SoTirces of information for sustainable agriculture 23 .92 
practices 
the results of the reliability tests for the instrument on perceptions of sustainable agriculture 
practices on weed control, use of sustainable agriculture practices for weed control; interest 
in learning more about sustainable agriculttu-e practices for weed control: importance of 
management strategies for implementing sustainable agriculture practices for weed control 
programs, and sources of information for sustainable agriculture practices for weed control. 
Demographic Information 
This section describes the demographic characteristics of respondents. 
Three hundred eighty-four questionnaires were mailed and one hundred seventy-two usable 
questionnaires were received. 
Age of respondents 
The distribution of respondents by age is presented in Table 2. The age distribution 
of respondents ranged from 35 or less to over 76 years old. Twenty (11.6%) respondents 
indicated an age of 35 years or less; 43 (25%) respondents indicated an age between 36 and 
45; 45 (26.2%) respondents indicated an age between 46 and 55, 43 (25%) respondents 
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Table 2. Age group distribution of Iowa farmers (N=172) 
Age group Frequency Percent 
35 or less 20 11.6 
36-45 43 25.0 
46-55 45 26.2 
56-65 43 25.0 
66-75 11 6.4 
76 years or older 5 2.9 
Missing 5 2.9 
Total 172 100.0 
indicated an age between 56 and 65; 11 (6.4%) respondents indicated an age between 66 and 
75; and 5 (2.9%) respondents indicated an age of 76 years or older. There were 5 
respondents who chose not to disclose their age. The age distribution indicated that 131 
respondents (76%) were between the ages of 36 and 65 years. Nearly 3% of the respondents 
were between the ages of 76 years and above, making this group the smallest group of 
farmers in the study. 
Education level of respondents 
Figure 1 presents the distribution of respondents by the level of education achieved. 
The data indicated that nearly 84 respondents (50%) were high school graduates, 42 
respondents (25%) had a college degree, and 26 respondents (15.5%) had attained a 
community college education. Eight respondents (4.8%) attained an advanced degree and 
another 8 respondents (4.8%) did not finish school. Four respondents did not report their 
level of education. 
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Figure 1. Distribution of respondents by level of education achieved (N=I72) 
Gender of respondents 
One hundred forty-nine (89.2%) respondents were male and 18 (10.8%) were female. 
Five respondents did not report their gender (Figure 2). 
Family members working fiill-time 
The distribution of respondents by the number of family members working full time 
on the farm is presented in Figure 3. The nmnber of family members working full-time 
ranged from 0 to 4. One respondent (.6%) had 4 family members working full-time on the 
farm. Two respondents (1.2%) had 3 members of the family working fiill-time on the farm; 
32 (19.2%) respondents had 2 family members working fiill-time; 95 respondents (56.9%) 
had 1 family member working fiill-time on the farm; and 37 respondents (22.2%) indicated 
• 2% -
' • 5 %  
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Figure 2. Gender distribution of respondents (N=172) 
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Figure 3. Frequency of family members working full-time on the farm in Iowa (N=172) 
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that no family member worked full-term on the farm. Five respondents (2.9%) chose not to 
respond to this question. 
Characteristics of the farming operation 
Characteristics of the farming operation are presented in Table 3. The farmers were 
asked to place a check mark against the farming operation that applied to them. A majority 
of the farmers (79%) in the study participated in government programs. Most farmers in this 
study also relied mainly on herbicides for weed control (73%). About 73% of respondents 
were crop farmers and about 58% rent farms. The farming characteristics, indicated in Table 
3, provide a varied profile of the farmers in this smdy. 
Table 3. Farming operation in Iowa (N=I72) 
Farming operation Frequency Percent 
Participate in government programs 135 79 
Rely mainly on herbicides for weed control 124 73 
Crop farmer 123 72 
Full-time farmer 109 64 
Rent farm 99 58 
Own whole farm 78 46 
Grow other crops besides com and soybeans 73 43 
Depend only on family labor 69 41 
Land owner 54 32 
Employ extra labor in the farm for weed control 53 31 
Have part-time off-farm job 49 29 
Part-time farmer 36 21 
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Years involved in fanning 
The distribution of fanners by number of years they had farmed is presented in Figure 
4. The farmers in the smdy had farming experience ranging from 1 to over 51 years. Nearly 
50 farmers had between 21 to 30 years experience, 42 fanners had about 31 to 40 years in 
farming, 18 farmers had from 41 to 50 years of experience, and nearly 4 farmers had over 51 
years of experience in farming. 
Figure 4. Distribution of respondents by number of years they farmed in Iowa (N=172) 
Number of acres owned and rented 
Table 4 shows the total farming operation, the number of acres farmers owned, and 
the number of acres rented. The total farming operation of the farmers in the smdy ranged 
from less than 100 acres to about 2000 acres. Forty-six percent of the farmers in the smdy 
had total farmland between 101 to 500 acres. Thirty-six percent of the farmers farmed 
•50 
• 21-30 yrs in farming i 
• 0 31 -40 yrs in farming 
1 •41-50 yrs in farming 
!^>51yrs in farming 
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Table 4. Size of farming operation of farmers in Iowa (N=172) 
Total acreage of fanning operation Frequency Percent 
Acres in farm: 
a) <100 13 10 
b) 101-500 75 46 
c) 501-1000 59 36 
d) 1001-1500 14 9 
e) 1501-2000 4 2 
Acres of farm owned 
a) <100 55 33 
b) 101 -500 87 53 
c) 501 -1000 16 10 
d) 1001- 1500 5 3 
e) 1501-2000 2 I 
Acres of farm rented 
a) <100 64 39 
b) 101-500 66 41 
c) 501 - 1000 28 17 
d) 1001-1500 4 3 
e) 1501-2000 1 0.6 
between 501 to 1000 acres. Overall, about 82% of the farmers had farming operations 
ranging between 101 and 1000 acres of farmland. Nine percent of the farmers farmed a total 
acreage between 1001 and 1500, and about 2% of farmers farmed between 1501 and 2000 
acres of farmland. Acreage owned by farmers averaged 101-500 acres for 53% of the 
respondents. In general, about 86% of the farms ranging in size from 1-500 acres in this 
smdy were owned by farmers. Fanners in the smdy also rented farms. Nearly 80% of the 
farms rented were about 500 acres or less. 
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Problem weeds in the respondents' farms 
A majority of the farmers in the study were concerned about weed problems. Table 5 
indicates the major problem weeds found on these farms. The most frequently identified 
major problem was foxtail species with a high frequency of 115 (67%). Velvetleaf was the 
second most commonly reported major problem weed with a frequency of 63 (37%), 
followed by cocklebur with a frequency of 53 (31 %), then pigweed with a frequency of 46 
(27%) and buttonweed with a frequency of 45 (26%). Other weeds observed on these farms 
included; waterhemp (24%), lambsquarters (23%), woolly cupgrass (12%), smartweed 
(12%), ragweed (11.6%), sunflower (11.6%) and Canadian thistle (8.7%). 
Table 5. Frequencies and percentages of major problem weeds on Iowa farms (N=172) 
Weeds N % 
Foxtail 115 67 
Velvet leaf 63 37 
Cocklebur 53 31 
Pigweed 46 27 
Button weed 45 26 
Waterbemp 42 24 
Lambsquarters 39 23 
Woolly Cupgrass 21 12 
Sniartweed 21 12 
Ragweed 20 12 
Sunflower 20 12 
Canadian thistle 15 9 
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Respondents' yield loss associated with weeds 
Early season weed competition could cause high yield reduction if weeds are not 
controlled. Nearly 56% of the farmers (58 respondents) reported yield loss associated with 
early weed competition. The loss of yield ranged between 1-10 % (Figure 5). About 19% of 
the farmers (20 respondents) lost between 11-20 % of their crop yield to early weed 
competition. Five percent of the farmers (9 respondents) reported that yield loss due to early 
weed competition ranged between 21-30%. The same number of farmers (5%) also believed 
that yield loss associated with early weed competition was between 41-50%. Few farmers 
(2.9%) reported that over 51% of their crop yield loss was caused by early weed competition. 
About 60 respondents (40%) did not report their yield loss associated with weeds. 
11-10% 
!B11-20% 
•21-30% 
• 31-40% 
S41-50% 
B>51% 
•no response 
Percent of loss of yield due to weeds 
Figure 5. Distribution of respondents' yield loss associated with weeds in Iowa (N=172) 
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Methods of weed control 
The farmers in the study used various methods to control weeds on their farms. 
Table 6 shows the mechanical weed control methods farmers used. Of the farmers who 
indicated the use of mechanical weed control methods, 91 (53%) used cultivation. Twenty-
seven respondents (15.7%) used rotary hoeing, 9 respondents (5.2%) used crop rotations, 11 
respondents (6.3%) used other methods that included (mowing, pulling, and cover crops), 
while nearly 5 respondents (2.9%) used disk harrowing (Table 6). 
Table 6. Frequencies and percentages of altemative weed control methods in Iowa (N=172) 
Methods of weed control n % 
Cultivation 91 52.9 
Rotary hoeing 27 15.7 
Rotation 9 5.2 
Disk harrowing 5 2.9 
Other (mowing, pulling, cover crop, banding) 11 6.3 
Respondents' acres treated with com and soybean herbicides 
Qiemical weed control is one of the main methods of weed control used by the 
majority of farmers in Iowa. Farmers were asked to report the use of herbicides on their 
farms and the number of acres they treated using these herbicides. Respondents used about 
42 different soybean herbicides, and 38 different com herbicides for weed control in 1996 
and 1997. 
Figure 6 indicates the acres of com on which herbicides were applied in 1996 and 
1997. The herbicides most frequently used were: Dual, Marksman, Harness, Frontier, 
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Figure 6. Com acres treated wi± herbicides in 1996 and 1997 in Iowa (N=172) 
Surpass, and Buctril. In both 1996 and 1997, Dual was the most frequently used herbicide. 
About 10,561 acres were treated with this herbicide. Farmers treated fewer acres with 
herbicides in 1997 than in 1996. As shown in Figure 6, a slight increase in the use of 
Harness was observed in 1997. Fanners drastically reduced ±e use of Surpass from 4810 
acres in 1996 to 426 acres in 1997, which is a reduction of about 80%. 
Figure 7 shows the most frequently used soybean herbicides. These included Pursuit, 
Treflan, Reflex, Roundup and Prowl. As indicated in Figure 7, fanners in both 1996 and 
1997 used Pursuit in soybean acres more than any other herbicide. About 18,256 acres in 
1996 and 15,783 in 1997 were treated with this herbicide. Farmers reduced the acres treated 
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Figure 7. Soybean acres treated with herbicides in 1996 and 1997 in Iowa (N=172) 
Respondents' preferred herbicide application methods 
The respondents' preferred method of herbicide application in com and soybean is 
shown in Figure 8. Respondents were asked to check the methods they preferred for 
herbicide application. In com the application methods preferred are; early pre-plant by 21 
respondents (13.3%); pre-plant incorporated by 59 respondents (37.1%); pre-emergence by 
58 respondents (36.7%), early post emergence by 39 respondent (24.7%); and post 
emergence by 58 respondents (36.7%). The respondents seemed to prefer pre-plant 
incorporated, pre-emergence, and post emergence application methods. 
Preferred soybean herbicide application methods are shown in Figure 9. Eighteen 
respondents (11.5%) indicated a preference for early pre-plant; 66 respondents (42%) 
preferred pre-plant incorporated; 19 respondents (12%) preferred pre-emergence; 26 
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Figure 8. Distribution of respondents' preferred methods of com 
herbicide application in Iowa (N=I72) 
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Figure 9. Distributions of respondents' preferred methods of soybean herbicide 
application in Iowa (N=172) 
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respondents (16.6%) preferred early post emergence application, and 94 respondents (59.9%) 
preferred post emergence application. The respondents seemed to prefer pre-plant 
incorporated and post emergence application methods and used less of early pre-plant, pre-
emergence and early post application methods. 
Tillage practices in 1996 
Respondents were asked to indicate the percentage of their acres planted under some 
selected tillage practices in1996. Figure 10 indicates the frequency of farmers who reported 
the percentages of ±e acres under various tillage practices. Sixty-one respondents indicated 
0) 70 
E11 -50% of the acres 
H51-100% of the acres 
Figure 10. Distribution of respondents' use of cQlage practices and percentage 
of acres under tillage practices in Iowa (N=172) 
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that about 50% of their acres were under no-till systems, and a similar number of respondents 
(61) used about 51-100% of their acres in reduced tillage. One third of the respondents used 
conventional tillage practices between 1-100% of their acres. Strip tillage was the least used 
practice by respondents in the study. 
Respondents' anniiiil income distribution 
Figure 11 indicates distribution of income as reported by the respondents. Almost 33 
respondents (19.2%) earned between S 1,000 and $20,000 from farming, while 
nearly 6 respondents (3.5%) earned over $121,000 from farming. Income from farming 
ranged between $1,000 and $400,000. Nearly 65 respondents (37.8%) earned between 
$21,000 and $60,000 from farming. Fifty-three (30.8%) respondents did not report their 
income from the farm. 
Respondents' financial resources allocation 
The respondents were asked to indicate the percentage of their available financial 
resources they allocated to selected inputs. The total allocation of financial resources 
respondents apportion to each input was divided into three groups: 1-20 %, 21-40%, and 
above 41%. Figure 12 indicates the frequency of respondents' allocation of resources for 
each category of inputs listed. Nearly half of the respondents in the smdy allocate between 
1 and 20% of their resources to one of the following inputs, herbicides, com seed and 
soybean seed, while about one third of respondents allocated between 1 and 20% of their 
resources to fertilizers, farm equipment and labor. 
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Perceptions of Respondents Regarding Sustainable Agriculture Practices 
This section presents data regarding the perceptions of fanners on 14 selected 
statements about sustainable agriculture practices associated with weed control. The 
respondents were asked to indicate their level of agreement with the statements. The 
statements were rated on a five-point Likert-type scale with the following descriptors: 
l=strongly disagree; 2=disagree; 3=neutral; 4=agree; and 5= strongly agree. Table 7 
indicates the means and standard deviations of the respondent's perceptions regarding ±e 
extent to which there was agreement with the selected sustainable agriculture statements. 
The statement, "The use of sustainable agriculture practices for weed control requires 
knowledge by farmers about sustainable agriculture," received the highest rating with a mean 
score of about 4.28 (agree to strongly agree). This statement with the highest mean score had 
also the lowest variability with a standard deviation of 0.65. The second highest rated 
statement (3.87) was, "Educational programs in agriculture should be offered to help farmers 
understand sustainable agriculture practices for weed control strategies." The third highest 
rated item (3.83) was, "Most weeds on my farm are controlled when sustainable agriculture 
practices for weed control are used in co-operation with herbicides." The fourth rated item 
(3.83) was, "If sustainable agriculture concepts were incorporated into Agriculture Extension 
Education, it would enhance the understanding of weed control options." 
There were two items below the mean of 3.00 that the respondents disagreed with; "I 
would consider using sustainable agriculture practices for weed control if my landlord did 
not object to the use of these practices" (2.99), and the lowest rated item (2.83), "The use of 
sustainable agriculture practices for weed control would increase weed species." The third 
lowest item (3.01) was, "Most farmers would require more equipment in order to adopt 
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Table 7. Means and standard deviations of respondents' level of agreement on statements 
about sustainable agriculture practices as perceived by farmers in Iowa (N= 172) 
No. Item Mean S.D. 
1. The use of sustainable agriculture practices for weed control requires 
knowledge by farmers about sustainable agriculture. 
4.28 .65 
2. Educational programs in agriculture should be offered to help farmers 
understand sustainable agriculture practices for weed control 
strategies. 
3.87 .82 
3. Most weeds on my farm are controlled when sustainable agriculture 
practices for weed control are used in co-operation with herbicides. 
3.83 .83 
4. If sustainable agriculture concepts were incorporated into Agriculture 
Extension Education, it would enhance the understanding of weed 
control options. 
3.83 .77 
5. Farmers use sustainable agriculture practices for weed control in order 
to maintain the quality of the enviroiunent. 
3.78 .81 
6. The adoption of sustainable agriculture practices for weed control 
would be easier for fanners with less than 400 acres. 
3.57 .99 
7. The use of sustainable agriculture practices for weed control requires 
major changes in farm management. 
3.49 .99 
8. The use of sustainable agriculture practices for weed control would 
help reduce my farm expenses. 
3.46 .89 
9. Most farmers would use sustainable agriculture practices for weed if 
these practices did not reduce yields. 
3.46 1.07 
10. Most farmers would use sustainable agriculture practices for weed 
control if these practices did not require additional use of herbicides. 
3.45 1.02 
11. The use of sustainable agriculture practices for weed control would 
increase the financial risks for farmers who use them. 
3.06 .89 
12. Most farmers would require more equipment in order to adopt 
sustainable agriculture practices for weed control. 
3.01 1.11 
13. I would consider using sustainable agriculture practices for weed 
control if my landlord did not object to the use of these practices. 
2.99 .88 
14. The use of sustainable agriculture practices for weed control would 
increase weed species. 
2.83 1.05 
Scale: l=Strongly Disagree; 2=Disagree; 3=NeutraI; 4=Agree; 5=StrongIy Agree. 
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sustainable agriculture practices for weed control." This item had the highest variability with 
a standard deviation of 1.11. The mean score of the remaining seven perception statements 
ranged from 3.06 to 3.78. The response to the items in this section indicated that farmers in 
the smdy were familiar with some of the sustainable agriculmral practices for weed control. 
Use of Sustainable Agriculture Practices for Weed Control 
This section focuses on selected sustainable agriculture practices for weed control 
used by farmers. "Use" was defined as the level at which farmers were using the practices. 
The respondents were asked to identify the extent to which they used sustainable agriculmre 
practices for weed control in their farming operation. The practices were rated on a five-
point scale where 1 indicated "not at all"; 2 indicated "very little"; 3 indicated "sometimes"; 
4 indicated "often"; and 5 indicated "always". The means and standard deviations 
concerning these practices are shown in Table 8. "Soil fertility management" was the highest 
rated practice, with a mean of 4.36 and a standard deviation at 0.86. The second highest 
rated practice was "Crop rotation", with a mean rating of 4.34 and a standard deviation of 
0.98. The third highest rated practice was "Cultivation/Harrowing" and "Residue 
management", with a mean of 3.73 and a standard deviation of 1.20 and 1.11, respectively. 
The mean ratings of seven practices ranged firom 2.23 to 2.91. The remaining practices were 
between a mean of 1.28 and 1.97. "Ridge-till" was the lowest rated practice, with a mean of 
1.28. "Inter-row cultivation" was the practice with the most variability, with a standard 
deviation of 1.56. 
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Table 8. Means and standard deviations of respondents' use of sustainable agriculture 
practices for weed control as perceived by farmers in Iowa (N=172) 
No. Item Mean S.D. 
1. Soil fertility management 4.36 0.86 
2. Crop rotation 4.34 0.98 
3. Cultivation/Harrowing 3.73 1.20 
4. Residue management 3.73 Lll 
5. Crop diversification 3.12 1.31 
6. Low input of chemical weed control 3.08 L15 
7. titer-row cultivation 2-91 L56 
8. Chisel plowing 2.85 1.28 
9. Use of pest resistant varieties 2.80 1.13 
10. No-till 2.44 1.38 
11. Integrated pest management 2.41 1.19 
12. Rotary hoeing 2.39 1.18 
13. Mulch-till 2.23 1.42 
14. Moldboard plowing 1.97 L06 
15. Biological control of weeds 1.91 1.09 
16. Strip-till 1.40 0.82 
17. Ridge-till 1.28 0.82 
Scale: I=Not at All; 2= Very Little; 3=Sometimes; 4=0ften; 5=Always. 
Interest in Learning about Sustainable Agriculture Practices for Weed Control 
Interest was defined as the degree to which farmers would participate in future 
educational programs that deal with sustainable agriculture practices for weed control. The 
respondents were asked to identify the extent to which they were interested in learning more 
about sustainable agriculture practices for weed control. The results of the interest 
statements are presented in Table 9. "Soil fertility management" was the highest rated 
practice, with a mean of 4.13 and the lowest standard deviation of 0.99. The second highest 
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Table 9. Means and standard deviations of respondents' interest in learning more about 
sustainable agriculture practices for weed control as perceived by farmers in Iowa 
(N=172) 
No. Item Mean S.D. 
I. Soil fertility management 4.13 0.99 
2. Crop rotation 3.97 1.12 
3. Cultivadon/Harrowing 3.85 1.08 
4. Residue management 3.84 1/10 
5. Crop diversification 3.76 1.08 
6. Low input of chemical weed control 3.54 1.22 
7. Inter-row cultivation 3.51 1.21 
8. Chisel plowing 3.35 1.18 
9. Use of pest resistant varieties 3.26 1/10 
10. No-tiU 3.08 1/36 
11. Integrated pest management 3.06 1/38 
12. Rotary hoeing 2.98 1/19 
13. Mulch-till 2.84 1/38 
14. Moldboard plowing 2.83 1/23 
15. Biological control of weeds 2.30 1.28 
16. Strip-till 2.11 1.15 
17. Ridge-tiU 2.06 1.25 
Scale: l=No Laterest; 2=LittIe Interest; 3=Somewfaat Interested; 4=niterested; 5=Very Interested. 
rated practice was "crop rotation" with a mean of 3.97. The remaining practices ranged from 
a mean of 2.06 to the mean of 3.85. The lowest rated practice was "Ridge-till" with a mean 
of 2.06. There were two practices with the highest variability, "No-till" and "Mulch-till", 
with a standard deviation of 1.38. The response to this section was similar to the previous 
section on use. "Soil fertility management" and "crop rotation" were practices that were of 
most interest to the farmers. Farmers were least interested in learning more about "ridge-
tillage" for weed control. 
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Importance of Management Strategies for Implementing Sustainable 
Agriculture Practices for Weed Control Programs 
The findings in this section are reported regarding the importance of selected 
management strategies used by farmers for implementing weed control programs. 
"Importance" was defined as the value of the strategy to the farmer. The strategies were 
rated on a five-point Likert-type scale where 1 indicated "not important"; 2 indicated "little 
importance"; 3 indicated "somewhat important"; 4 indicated "important'; and 5 indicated 
"very important". Means and standard deviations of the strategies of the importance of 
selected management strategies for implementing weed control programs are shown in Table 
10. "Conservation tillage" was the highest rated strategy for a weed control program, with a 
mean rating of 4.23 and a standard deviation of 0.85. The second highest rated statement 
was "Long-term consideration for agriculture food safety" with a mean rating of 4.21 and the 
lowest standard deviation of 0.80. The third highest rated strategy was "Appropriate pricing 
of farm products" with a mean rating of 4.20 and standard deviation of 1.03. The fourth 
highest rated strategy was "The practice of weed scouting" with a mean rating of 4.06 and 
standard deviation of 0.91. The remaining 15 strategies ranged between the mean of 3.09 
and 3.96. The lowest rated strategy was "Government policy incentives" with a mean of 
3.09. Thisstrategyhadthehighestvariability with a standard deviation of 1.26. Overall, the 
respondents in this smdy found "Conservation tillage", "Long-term consideration for 
agriculture food safety", "Appropriate pricing of farm products", and 'The practice of weed 
scouting" as important strategies for a weed control program. 
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Table 10. Means and standard deviations of rating of importance of selected management 
strategies for implementing sustainable agriculture practices for weed control 
programs as perceived by farmers in Iowa (N= 172) 
No. Item Mean S.D. 
1. Conservation tillage 4.23 0.85 
2. Long-term consideration for agriculture food safety 4.21 0.80 
3. Appropriate pricing of farm products 4.20 1.08 
4. The practice of weed scouting 4.06 0.91 
5. Judicious use of chemical fertilizers 3.96 0.92 
6. Farmers' participation in research, extension and policy 
making 
3.94 0.89 
7. Improvement in management of inputs 3.92 0.94 
8. Use of livestock manure 3.87 1.06 
9. On-farm demonstrations of sustainable agriculture 
practices for weed control 
3.84 1.00 
10. Reduction of agricultural pesticides 3.83 1.05 
11. Development of appropriate farm equipment 3.82 0.93 
12. Consideration for consumer preferences 3.80 0.89 
13. Educational programs in sustainable agriculture 3.77 0.98 
14. Use of local knowledge systems 3.75 0.93 
15. Reduction in the use of herbicides for weed control 3.73 I.Ol 
16. Alternative tillage systems 3.63 0.89 
17. Integration of livestock in farming enterprises 3.56 1.09 
18. Use of green manure 3.42 1.12 
19. Government policy incentives 3.09 1.26 
Scale; l=Not Important; 2=LittIe Importance; 3=Somewhat Important; 4=Important; 5=Very 
Important. 
Sources of Infomiatioii for Sustainable Agriculture Practices for Weed Control 
In this section data are reported about the sources of information farmers say they 
find usefiil. The respondents rated the usefulness of 23 selected sources of information by 
using the following descriptors: l=of no use; 2=of little use; 3=not sure; 4=useful; and 
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5=very useful. The means and standard deviations of the rating of the sources of information 
for sustainable agriculture practices for weed control are presented in Table 11. "On-farm 
demonstrations" was the highest rated source of information for sustainable agriculture 
practices for weed control, with a mean rating of 3.99 and standard deviation of 0.92. The 
second highest rated source of information was "field days" with a mean rating of 3.96 and a 
standard deviation of 0.87. The third highest rated source of inforaiation for sustainable 
agriculture practices for weed control was "magazine articles" with a mean of 3.85 and a 
standard deviation of 0.86. The fourth highest rated source of inforaiation for sustainable 
agriculture practices for weed control was "local chemical dealers" with a mean rating of 
3.83 and standard deviation of 1.00. The lowest rated source of information for sustainable 
agriculture practices for weed control was "office visits by farmers" with a mean rating of 
2.97 and a standard deviation of 0.97. The mean ratings of the remaining 18 sources of 
information for sustainable agriculture practices for weed control were very close and ranged 
between 3.03 and 3.80. The source of information with the highest variability in its rating 
was "television programs" with a standard deviation of 1.11. 
The respondents found "on-farm demonstration", "field days", and "magazine 
articles" useful sources of information for sustainable agriculture practices for weed control. 
Analysis of Variance 
A one-way analysis of variance test was conducted to determine if significant 
differences existed in the level of agreement or disagreement with the statements regarding 
sustainable agriculture practices on weed control, use or interest in sustainable agriculture 
practices on weed control, importance of management strategies for implementing 
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Table 11. Means and standard deviations of ratings of the sources of information for 
sustainable agriculture practices for weed control as perceived by farmers in Iowa 
(N=172) 
No. Item Mean S.D. 
1. On-fann demonstrations 3.99 0.92 
2. Field days 3.96 0.87 
3. Magazine articles 3.85 0.86 
4. Local chemical dealers 3.83 1.00 
5. Local fertilizer dealers 3.80 0.92 
6. On-farm consultation 3.80 0.95 
7. Newsletters 3.72 0.87 
8. Tours 3.67 0.93 
9. Seminars 3.64 0.95 
10. Neighbors 3.60 0.82 
11. Bulletins 3.59 0.94 
12. Local seed dealers 3.56 1.04 
13. Workshops 3.52 0.96 
14. Family members 3.50 1.03 
15. University specialists 3.45 0.99 
16. Newspapers 3.40 1.03 
17. Radio programs 3.30 1.05 
18. County meetings 3.24 1.98 
19. Television programs 3.13 0.11 
20. Vocational agriculture instructor 3.08 1.06 
21. Machinery dealers 3.08 1.08 
22. Fanners' organizations 3.03 1.02 
23. Office visits by farmers 3.97 0.97 
Scale: l=Of no use; 2=0f litde use; 3=Not sure; 4=Usefiil; 5=Very useful. 
sustainable agriculture practices for weed control programs and sources of information for 
sustainable agriculture practices for weed control when farmers were grouped by the 
following selected demographic variables: age, education level, years of farming, level of 
income from the farm, acres of farms owned and acres rented. An analysis of individual 
variables in each of ±e section was conducted and compared against grouped demographic 
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characteristics and reported when significant differences found. The level of significance for 
all tests was set a priori at the a 0.05 level. The Scheffe test was used to locate the sources of 
difference between the groups when significance was found at the a 0.05 level. 
Perceptions Regarding Sustainable Agriculture Practices on Weed Control 
An analysis of variance of perceptions of sustainable agriculture practices for weed 
control when respondents were grouped by age, level of education, number of years in 
farming, income distributions, acres of farms owned, and acres of farm rented was 
conducted, and only significant data were reported. Analysis of data indicated a significant 
statistical difference at the a 0.05 level based on the education level of the respondents and 
perceptions statements regarding sustainable agriculture practices on weed control. Analysis 
of variance indicated that there was a significant difference in the way the respondents 
responded to the variable "use of sustainable agriculture practices for weed control requires 
Icnowledge by farmers about sustainable agriculmre," based upon the education level of 
respondents. However, a post hoc Scheffe test did not detect where the differences existed. 
Figure 13 indicates the ratings of the respondents' perceptions based on the level of 
education. A composite mean score for perception statements was used for this comparison. 
The respondents with advanced degrees generally agreed with the perception statements. 
Use of Sustainable Agriculture Practices for Weed Control 
Analysis of variance of selected variables regarding the use of sustainable agriculture 
practices for weed control indicated that significant differences existed when the respondents 
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Figure 13. Respondents' level of agreement with sustainable agriculture 
when grouped by level of education (N=172) 
were grouped by age and analyzed with the variables regarding the use of sustainable 
agriculture practices (Table 12). The post hoc test revealed that differences existed between 
group 1 (30 years or younger, with a mean of 3.00) and group 3 (41-50 years old, with a 
mean of 1.87) indicating that the younger respondents used moldboard plowing and soil 
fertility management to a greater extent than older farmers. A post hoc Scheffe test did not 
detect any differences between the groups in response to the remaining variables. 
Interest in Learning more about Sustainable Agriculture 
E^ctices for Weed Control 
An analysis of variance showed significant differences in responses to selected 
variables (crop diversification, and ridge tillage) regarding respondents' interest in learning 
more about sustainable agriculture when analyzed by the level of education of the 
respondents, however, a post hoc Scheffe test failed to detect where the differences existed 
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Table 12. Analysis of variance of use of selected agricultural practices for weed control by 
Iowa farmers when the respondents were grouped by age (N=172) 
Group 
1 2 3 4 5 6 
Selected Practices mean mean mean mean mean mean F ratio F prob. 
S.D. S.D. S.D. S.D. S.D. S.D. 
n=5 n=35 n=45 n=47 n=26 n=9 
Moldboard plowing 3.00 2.34 1.87 1.94 1.65 1.78 ISOO* .033 
0.71 1.03 0.04 1.11 1.06 0.83 
Integrated pest 1.60 2.17 2.27 2.47 3.00 1.67 2.354» .043 
management 1.89 1.18 1.03 1.20 1.30 1.32 
Soil fertility 3.20 4.43 4.56 4.34 4.38 3.89 3.003* .013 
management 1.48 0.81 0.55 0.96 0.80 1.17 
Biological control of 1.40 1.80 1.80 1.72 2.58 2.00 2.120* .022 
weeds 0.55 0.93 1.04 1.02 1.36 1.22 
KEY: Group 1=30 years old or less Group 3=41-50 years old Group 5=61-70 years old 
Group 2=31-^ years old Group 4=51-60 years old Group 6=71 years old or more 
"'p< .05 
(Table 13). Figure 14 indicates a profile of characteristics of respondents based on the 
response to interest variables in sustainable agriculture practices for weed control. When 
grouped by level of education, community and college graduates seemed to have a greater 
interest in learning more about sustainable agriculture practices than the respondents with 
advanced degrees and those with high school level education (Figure 14). 
Importance of Management Strategies for Implementing Sustainable 
Agriculture Practices for Weed Control Programs 
An analysis of variance regarding the importance of selected management strategies 
for implementing sustainable agriculture practices for weed control programs when 
respondents were grouped by age was conducted (Table 14). Significant differences in 
responses were found in rating the management of the strategies for implementing 
sustainable agriculture practices; conservation tillage, judicious use of chemical fertilizers, 
improvement in management of inputs and the practice of weed scouting. Significant 
differences in response to conservation tillage as an important management strategy for 
94 
Table 13. Analysis of variance ratings of the level of interest of respondents regarding some 
selected sustainable agriculture practices when respondents were grouped by 
level of education achieved in Iowa (N=172) 
Selected Practices Sum of Squares df Mean Square F F Prob. 
Crop diversification 
Between groups 
Within groups 
Total 
16.145 
227.849 
243.994 
3 
1.399 
5.382 3.874 0.10 
Ridge tillage 
Between groups 
Within groups 
Total 
14.154 
240.697 
254.851 
3 
1.468 
4.718 3.215 .024 
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Figure 14. Respondents' interest in learning more about sustainable agricultm-e 
practices when grouped by level of education achieved in Iowa (N=172) 
implementing sustainable agricxilture practices for weed control programs when respondents 
were grouped by age were found between group 4 (51-60 years old with a mean of 4.47) and 
group 6 (71 years old or older with a mean of 3.44). The older the respondents were, the less 
they rated conservation tillage as an important management strategy for implementing 
sustainable agriculture practices for a weed control program. In general, the respondents 
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Table 14. Analysis of variance of ratings regarding the importance of selected management 
strategies for implementing sustainable agriculture practices for weed control 
programs as perceived by farmers in Iowa when grouped by age (N=172) 
Group 
1 2 3 4 5 6 
Strategy mean mean mean mean mean mean F ratio F prob. 
S.D. S.D. S.D. S.D. S.D. S.D. 
n=5 n=35 n=45 n=47 n=26 n=9 
Conservation tillage 3.80 4.06 4.38 4.47 4.23 3.44 3.388* .006 
0.45 0.94 0.75 0.65 0.65 1.59 
Judicious use of 4.00 3.77 4.07 4.09 4.12 3.00 2.759* .020 
chemicai fertilizers 0.71 0.97 0.84 0.93 0.77 1.32 
Improvement in 3.20 3.69 4.07 4.09 4.04 3.11 3.109- .010 
management of inputs 0.45 0.90 0.86 0.88 0.87 1.54 
Practice of weed 3.80 4.03 4.20 4.04 4.27 3.11 2.710* .022 
scouting 0.84 1.04 0.84 0.81 0.72 1.17 
KEY: Group 1=30 years old or less Group 3=41-50 years old Group 5=61-70 years old 
Group 2=31-^ years old Group 4=51-60 years old Group 6=71 years old or more 
*p< .05 
between the ages of 51 and 60 rated conservation tillage as an important management 
strategy for implementing sustainable agriculture practices for weed control programs. 
Analysis of variance detected significant differences in the importance of judicious 
use of chemical fertilizers as a strategy for implementing sustainable agriculture practices for 
a weed control program, however, a post hoc Scheffe test failed to find significant statistical 
differences between the groups regarding this variable. The analysis of variance procedure 
indicated significant differences (0.05) based upon the respondents' age and the variable 
regarding improvement of management of inputs. However, a Scheffe test did not indicate 
between which groups the differences existed. The analysis of variance test indicated that a 
significant difference between respondents regarding the practice of weed scouting was 
observed. The analysis indicated that significant differences were observed between group 3 
(41 -50 years old with a mean of 4.20) and group 6 (71 years or older with a mean of 3.11), 
and between group 5 (61-70 years old with a mean of 4.27) and group 6, indicating that those 
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respondents between the ages of 41 and 70 years rated the practice of weed scouting as an 
important strategy for implementing sustainable agriculture practices for weed control 
programs compared with age 71 or older. 
An analysis of variance procedure indicated a significant statistical difference (0.05) 
between the level of education achieved and the variables (improvement in management of 
inputs and alternative tillage systems) regarding the importance of management strategies for 
implementing sustainable agriculture practices for weed control programs, as shown- in Table 
15. The Scheffe test failed to detect the differences between the groups regarding these 
variables, however the respondents with higher education (mean=4.00 to 4.63) rated these 
variables as an important strategy for implementing sustainable agriculture practices for 
weed control programs more than the respondents with less formal education (mean=3.15 to 
3.83). 
Analysis of variance of the importance of selected management strategies for 
implementing sustainable agriculture practices for weed control programs when respondents 
were grouped by the number of years in farming is shown in Table 16. Significant 
differences in responses were found in the following management strategies for 
implementing sustainable agriculture practices: conservation tillage, judicious use of 
chemical fertilizers, improvement in management of inputs and educational programs in 
sustainable agriculture. Significant differences in response to conservation tillage as 
important management strategy for implementing sustainable agriculture practices for weed 
control progranois when respondents were grouped by number of years in farming were found 
between group 3 (21-30 years ui farming, mean of 4.31) and group 6 (more than 51 years in 
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Table 15. Analysis of variance ratings regarding the importance of management strategies 
for implementing sustainable agriculture practices for weed control programs as 
perceived by farmers in Iowa when the respondents were grouped by level of 
education (N=172) 
Strategy 
1 
mean 
S.D. 
2 
mean 
S.D. 
3 
mean 
S.D. 
4 
mean 
S.D. 
F ratio F prob. 
n=92 n=26 n=42 n=8 
Improvement in management of inputs 3.83 3.69 4.10 4.63 2.889- .037 
0.98 0.84 0.91 0.52 
Alternative tillage systems 3.65 
0.80 
3.15 
0.92 
3.76 
0.93 
4.00 
1.07 
3.4I8* .019 
KEY: Group l=High school and below Group 3=College graduate 
Group 2=Coinmunity college Group 4=Advanced degree 
*p< .05 
Table 16. Analysis of variance of ratings regarding the importance of selected management 
strategies for implementing sustainable agriculture practices for weed control 
programs as perceived by farmers in Iowa when the respondents were grouped by 
number of years fanning (N=172) 
Group 
1 2 3 4 5 6 
Strategy mean mean mean mean mean mean F ratio F prob. 
S.D. S.D. S.D. S.D. S.D. S.D. 
n=l4 n=40 n=48 n=42 II OO
 
n=4 
Conservation tillage 4.14 4.20 4.31 4.40 4.06 2.75 3.211* .009 
0.66 0.97 0.69 0.73 1.06 1.26 
Judicious use of 3.93 3.85 4.04 4.19 3.72 2.50 3.120* .010 
chemical fertilizers 0.73 1.03 0.80 0.80 1.13 1.00 
Improvement in 3.71 3.85 4.17 4.10 3.78 2.50 3.468* .005 
management of inputs 0.61 0.89 0.75 0.93 1.06 1.29 
Educational programs in 3.79 3.68 3.79 4.10 3.22 3.50 2.326* .045 
sustainable agriculture 0.80 0.97 0.87 0.96 1.22 0.58 
KEY: Group 1=10 years in farming Group 3=21-30 years in farming Group 5=41-50 years in farming 
Group 2=11-20 years in ferming Group 4=31-40 years in farming Group 6=51 years or more in farming 
•p< .05 
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farming, with a mean of 2.75). Significant differences were also found between group 4 
(31-40 years in fanning with a mean of 4.40) and group 6. 
Significant differences in the importance of judicious use of chemical fertilizers as a 
strategy for implementing sustainable agriculture practices for weed control program was 
observed between group 4 (31-40 years in farming with a mean of 4.19 ) and group 6 (51 
years or more in farming, with a mean of 2.50) indicating that the respondents who farmed 
between 31 and 40 years rated judicious use of chemical fertilizers as an important 
management strategy for implementing sustainable agriculture practices for a weed control 
program. The analysis of variance test indicated that a significant difference between 
respondents regarding the importance of improving management inputs was observed. The 
analysis indicated that significant differences were observed between the group 3 (21-30 
years in farming, with a mean of 4.17) and group 6 (51 years or more in farming with a mean 
of 2.50) and between group 4 (31-40 years in farming with a mean of 4.10) and group 6, 
indicating that those respondents with 21 to 40 years of farming experience rated 
improvement of management of inputs as an important strategy for implementing sustainable 
agriculmre practices for weed control programs. Analysis of variance revealed significant 
differences between the respondents regarding the educational programs in sustainable 
agriculture as an important strategy for implementing sustainable agriculture practices for 
weed control programs. However, the Scheffe test did not detect differences between the 
groups regarding this variable. 
99 
Sources of Information for Sustainable Agriculture Practices for Weed Control 
One-way analysis of variances of sources of information for sustainable agriculture 
practices for weed control when respondents were grouped by age was shown in Table 17. 
Only significant data were reported, and significant differences in responses were found in 
the infomiation sources from tours, newspapers and vocational agriculture instructor. 
However, analysis using the post hoc Scheffe test did not detect differences between age 
groups based on the information sources. 
Table 17. Analysis of variance of ratings regarding sources of information for sustainable 
agriculmre practices for weed control as perceived by farmers in Iowa when the 
respondents were grouped by age (N=172) 
Source of Information 
1 
Mean 
S.D. 
2 
mean 
S.D. 
3 
mean 
S.D. 
4 
mean 
S.D. 
5 
mean 
S.D. 
6 
mean 
S.D. 
F ratio F prob. 
n=5 n=35 n=45 n=47 n=26 n=9 
Farm tours 2.60 3.43 3.82 3.77 3.77 3.67 2.292* .048 
0.89 1.04 0.94 0.76 0.86 1.12 
Vocational agriculture 2.40 2.89 2.08 3.23 3.62 2.89 3.004« .013 
instructor 0.55 1.18 0.99 0.98 1.06 0.93 
Newspapers 2.60 3.31 3.11 3.64 3.65 3.56 2.281- .049 
1.14 0.93 1.09 0.97 1.02 1.13 
KEY: Group 1=30 years old or less Group 3=41-50 years old Group 5=61-70 years old 
Group 2=31-^ years old Group 4=51-60 years old Group 6=71 years old or more 
•p< .05 
Comments Made by the Respondents 
The respondents provided comments which provided insight to interpret their 
responses. The following comments by the respondents are divided into the following 
sections: (1) Farmers' comments regarding the adoption of sustainable agriculture practices 
for weed control; (2) General comments by farmers regarding sustainable agriculture; and (3) 
General comments regarding the adoption of sustainable agriculture practices. 
IOC 
Farmers' comments regarding the adoption of sustainable agriculture practices for 
weed control 
Farmers are too slow and let weeds get ahead 
Lack of time because of too many acres to cover. The size of farm operations needed to 
provide a profitable operation means too many acres for timely cultural practices to control 
weeds. 
Fear of weeds from wet weather and there is little time to do other things, sustainable 
agriculture is labor intensive. Too much hourly labor needed because of too many large 
farms. 
Cost, and low yields are a major factor. Sustainable agriculture is not practical in today's fast 
moving agriculture. 
The need to grow hay and raise livestock in order for the program to work effectively. This 
is not my way of thinking, but it is what hinders other farmers from trying the program. 
Most farmers think that they have to farm the whole county, therefore sustainable agriculture 
wouldn't be practical. 
Weed presence and foul weather is another problem. Having to band instead of broadcast 
herbicide, having to cultivate, having to apply chemical yourself instead of having it done 
takes more time and requires good management. 
Government is a barrier. Government control and cost hinders. 
I started fanning sustainable agriculture. 
Time—everyone wants to practice no-till to cover more area; also, everyone has been 
brainwashed that no-till is the best. We need to slow down and be better stewards of our 
resources. Farming too many acres require using too large cultivation to do a good job, 
number two reason is, more soil erosion when you cultivate com 
Being able to justify the cost and to change. The results aren't always good. 
Ease of application of chemicals within a short time. There isn't enough time to redo things. 
Lack of knowledge is another problem. Need more education and a fanning example 
and farmers are too lazy to leam and do not take the time to do it. 
Lack of knowledge, having to turn so many acres to make a Living leaves Utde room for 
error. 
Don't know enough about sustainable agriculture. 
Whole sale greed. They want to farm the whole county, big farmers are bad for environment. 
They don't leave a patch of grass for any wildlife. 
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You can not fann thousand of acres and not use chemicals. The people are greedy around 
here, get the land and slap on some chemical. Build hog buildings all around your neighbors, 
pollute the country, who cares as long as it looks good and out do the other guy. 
The problem is low livestock prices, (cattle prices) there is more crop rotation, more manure, 
more hay fields and pastures. Weeds don't get a chance to go to seed. Com rootworm is 
also controlled and the use of insecticides and herbicides is dramatically reduced. 
Farm operations are getting so large that farmers don't have time to use sustainable 
agricultural practices. More and more herbicides are being custom applied, many grassed 
waterways are being destroyed, some farmers care about conservation and some don't. 
The bottom line is net profit, if weed control would be better and more cost effective without 
herbicides that's what I would use. 
Most farmers are not willing to spend the time cultivating and other weed control practices. 
Like our farm is not on a 4 yr. rotation (com, com, oats, hay) as prior to 1965, the weed 
program has depended more on herbicides. 
Takes too much time for most larger producers and hard to get weed controlled. 
I think information and cost vs. altematives 
And also net farm income 
Profit from each crop 
Need for information regarding cost effectiveness for farm operation and environment 
Just don't know enough about it to get started 
Cost and yield are most important 
The general lack of knowledge of proper procedures and the fact that people aren't always 
open to change could be a problem. 
Chemicals do not work like advertised 
Lack of weed control costs, expensive 
Weeds and profitability 
Time it takes versus the outcome. 
Farmers have to care for too much land, more help would be needed for sustainable 
agriculture. Help is scarce and cost is high 
As farmers have to farm more acres to survive, the use of herbicides is needed for efficiency 
and to be timely. 
The know how and the ctuxent application rates and uses not very clear. 
Sustainable practices are not the best weed control method to use. 
Getting the neighbor to do it is very hard. 
Everyone is different. 
It needs to be very cost effective in order to have people change.. 
Too much time needed and results not as good. 
Unable to use conventional cultivation due to wet field conditions. 
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The idea of having maybe a few weeds in com or beans; what would neighbors think. A 
poor manager. 
I have no idea. 
The ease and simplicity of using herbicides. 
The larger size of farms makes chemical use necessary. 
We want good weed control. 
Labor and yield. 
Economics. 
You can't control weed as easy. 
Fear of failure. 
It is just easier to spray once and forget the crop tiU harvest. 
Most fanners use a great deal of the sustainable agriculture practices now. However, as 
fanners keep getting bigger and rural population getting smaller, few people wiU remain in 
farming. It has to become more mechanized to allow fewer to farm more acres economically. 
You can't do enough acres to make the dame money you can using chemicals. 
In my area most farmers do not cultivate their crops, so they have to rely on herbicides for 
weed control. 
In soybeans-drilling takes away option of mechanical cultivation, thus often needing more 
chemicals (second spraying). 
Too time consuming, would have to scale back on acres if I went 100% sustainable 
agriculture. 
Effectiveness has most people concemed 
No till or reduced till is out of question in Howard County lowa-unless the soil is very well 
drawn. A lot of my rented land is not, so I use mulch and conventional tillage to warm and 
dry my soil in spring. 
Farmers not willing to work. We hire coops and custom sprayers to kill our weeds for us 
rather than cultivation that was once an integral part of farming. No-till farming has 
increased chemical weed control to large degree. Farming isn't a lucrative business any 
more and farmers have taken off the farm jobs to sustain the farm which again has taken 
away the hours on the farm and replaced them with chemical weed control. Number of acres 
103 
farmed per farm operation has also increased chemical usage. With usually reduced labor 
farmers are farming maximum amount of acres to offset machinery cost, seed costs, chemical 
costs, interests, fertilizer cost and taxes. The day of the farmer farming because it is 
becoming a dying occupation unless we can give our young people incentive to carry on the 
family farm. That means an increase according to what effort you put forth. 
Reluctant to change 
Profit margin are very narrow, there seem to be more risk with sustainable agriculmre. 
Farmers are influenced by chemical advertising and dealers. 
Weather-being able to control weeds in a timely manner can be very difficult if not 
impossible when the weather doesn't cooperate. 
We have to get as much yield as we can in our area in order to make any money. We have 
the lowest price in the country so we really can't afford a bad crop trying new things. 
Help get the board of trade running honest so we can try to get ahead as we are the ones 
raising the acmal grain. 
Takes more time and management to make sustainable agriculture work. 
Large farmers don't have time to cultivate. With totally chemical weed control they can 
cover even more acres. 
Maybe we are using them and don't know it. Your definition has not told me if herbicides 
are a part of sustainable agriculture. Are you equating sustainable agriculture to organic 
farming? I consider the herbicides I use environmentally sound, profitable, and productive. 
Time. I cannot cultivate three times to get good weed control. It is very hard to hire some 
one to cultivate. 
Cost, farmers have more ways and practices than ever before. Fanners spend more time 
schooling themselves by whatever ways and means they can find. This ground is no good 
shape and they can grow better weeds than ever. As a landlord and old farmer, I have never 
seen weed so well controlled. 
Neighbor peer pressure, and won't try anything until someone else does it first, also lack of 
management skills and the ability to grasp your concepts. 
Many farmers are on a strictly com, rotation with no use for hay, alfalfa, oats or livestock in 
their operation. 
Cost of changes and already present costs. 
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Using the wrong ones will make weed control harder by no till, I have cut weeds by leaving 
seeds below germ level weeds that don't come up can't hurt you, but timing is everything 
you have to wait until weeds are there before you spray. 
Lower yields if sustainable means less fertilizer and herbicides. I don't agree with this 
definition. 
Willingness to change, and knowledge in the practice. 
The results of the comments by farmers indicated that farmers in the current study 
were concerned about the following: (a) they lacked understanding about sustainable 
agriculture; (b) they were afraid of crop yield losses; (c) they were uncertain about the 
success of sustainable agriculture practices; (d) they had limited time to fully engage in 
sustainable agriculture; (e) they had many acres to farm; (f) they had labor shortages; and (g) 
they were concerned about the net profits. 
General comments by farmers regarding sustainable agriculture 
No understanding the practices. No information and less interested. 
To be sustainable farmer you have to spend time on the land. 
My wife and I truck garden about 10 acres of sweet com, squash, melons, peppers and 
tomatoes. Except for sweet com we use no herbicides. We cultivate and hoe a lot. 
I don't really know what "sustainable agriculture" is. My perception of what it is this. 
Trying to do everything the old fashioned, that is manure on the fields, very low chemical 
weeds control, much extra labor fighting weeds like fiimishing our kitchen with 50 lb bags of 
flour and trying to bake our own bread. Not feasible for me. 
Farmers are getting too big /lazy to back this type of agriculture. 
Need more hands on example, testimonies of sustainable agriculture. Also, it's big money, if 
we would all do this where would the cheniical companies be? We all need to slow down 
and include quality of life and land stewardship into our farming equation. 
Have a demonstration farm in each county to show this can work. 
Practical farmers of Iowa appear to be providing the best information for Iowa farmers. 
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Every 160 acres should have to have 2 to 4% seeded down to meadow this could be along 
small streams and springs or otherwise. They are no field mice or ground squirrels. I see 
less singing birds every year, no cotton lamb or jackrabbit. There will have to be a law made 
to protect the country ft-om big farmers. 
You better start dropping test wells and even some kind of air testing equipment. 
Our world is getting to saturated with pollution. About 2 miles from where I live I have a 
cattle confinement, for years it was over flowed and locked on to the Floyd River but every 
body just shuts their eyes. Wake up people before it's too late. 
That what made American agriculture. The envy of the world is being destroyed. 
Industrialization of American agriculture is not good for America; the agenda of the day is 
get big. These people only care about the bottom line. Here in the hills of North East Iowa 
com and beans are being rotated in some very steep hillsides, the soil will ran away like 
sugar. 
If you do not clearly define "sustainable agriculture" better than you have and explain how 
and what it is and how it works, nobody will ever know about it. 
More crop rotation 
We need to return livestock operations to each farm where the benefits of manure and the 
restorative varieties of manure help maintain the soil fertility. Prior to leaving the farm due 
to health problems, we had a dairy herd, fed out 200 beef cattle a year and 1000 head of hogs. 
The manure plus the forage kept the spoil in good shape for 120-130 bushel com. These 
comments are quote "old fashion," but a farmer has to be able to do other things than just 
drive a tractor. That's why we stiU have 4-H to help kids leam how to raise livestock. I 
personally have watched our soil change color over the years due to continuous com on some 
fields. The hills do not maintain the humus. 
The small farmer will be obsolete in about five years. You will no longer get your food for 
nothing as the country wants to import everything, it will happen in five years when milk is 
in short supply you lower the price. You have ruined the country. 
If net farm income doesn't improve dramatically, very soon there will only be a few big 
farms left and large hog and cattle set ups. We hear and read all the articles why can't farmer 
have a few pigs and cows and chickens and like they used to. I wonder how many people-
teacher, banker, labors would be happy to work 60-70 hours/week and earn 10-11 thousands 
a year? Try it-you'll like it. Don't believe it, try it. 
Detailing measures required by extension service, news papers/TV/ magazines with 
governmental support and whatever can be provided by industries. 
How great it would be if sustained agriculture could be used, but as a friend a former Kansas 
states profit told it all. It can't be." 
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Agriculture is a high profile area and people should be concerned for the future. 
I would have liked better information on just what you include in sustainable agriculture. 
I only have a small field and I hire everything done. 
We surely use some focused education. I'm concerned about lack of effort to provide non 
chemical weed control and production in food contamination. 
The fanners that makes sustainable agriculture practices for weed control work has to be on 
excellent manager. 
The trend to larger farms will make using sustainable agriculture practices for weed control 
difficult to achieve. 
Farmers are trying to do a better job of less chemical and fertilizer. But in this day you have 
to get as much as you can from each acre to survive. As you know 6 soy and 2.2 com does 
not go to far. 
Farmers have taken care of the land because ±ey knew if they didn't, it wouldn't be long and 
it would not support them. Sustainable agriculture must be a recent "catch" term. I think we 
have always been productive, environmentally safe and sound, and profitable or you are 
weeded out, naturally. As for maintaining the social fabric of the rural community, its just as 
strong as a fabric as ever, just much smaller. 
I think seed companies know much more about damage and or problems derived from some 
herbicides than they tell farmers. I think universities and extension personnel should try to 
get this seed company information to fanners and cut back on chemicals. In referring to 
damage to certain crop of com hybrids, like group (1-2 or 3) from certain herbicides ASN 
any good seed com company agronomist and they will tell you what not to use on certain 
corns. 
Many farmers are somewhat narrow-minded not often to new ideas. 
Having available time to use cultivation for weed control is difficult when you're also trying 
to put up hay and care for livestock. 
We need to keep, take farmers from getting too much larger. 500-1200 acres seem to be the 
normal size for the farmer and for the town. It would give more people a chance to farm and 
more jobs in town and still have reasonably priced food. 
Presently using "farm for profit" addition and starter fertilizer to minimize herbicides use, 
loosen the ground, increase biological activity in the soil and maximize profits. 
I don't know much about sustainable agricultm-e. 
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There is a lot of things to leam in farming and every year is different. Food is one thing that 
takes time to produce so with the ever-growing demand for food time is running out. New 
technology will help and ways to control weeds will change, lets keep the envirormient in 
mind and food for the world, count on mother nature and trust in God. 
Implication is that you can't have sustainable agriculture and use herbicides and fertilizer. 
General comments regarding the adoption of sustainable agriculture practices 
Results of the comments regarding the general comments about sustainable 
agriculture by the farmers in the smdy are similar to the previous comments regarding the 
barriers to the adoption of sustainable agriculmre practices for weed control. The farmers 
indicated that they needed more information and education about sustainable agriculmre, 
they believed sustainable agricultural practices would not work with large farms, they were 
concerned about the economic benefits, they were concerned about the environment, and 
some of them believed that they were already practicing sustainable agriculmre practices. 
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CHAPTER V. DISCUSSION 
The main purpose of this study was to detennine and analyze farmers' perceptions 
regarding the adoption of selected sustainable ^riculture practices specifically associated 
with weed control in Iowa. A secondary purpose was to identify the implications of these 
perceptions regarding sustainable agriculture to agricultural extension education. 
The specific objectives of this study were to: (1) determine perceptions held by 
farmers regarding the use of sustainable agriculture practices on weed control; (2) identify 
farmers' use of selected sustainable agriculture practices associated with weed control; 
(3) determine the level of interest by farmers about learning more about sustainable 
agriculture practices associated with weed control; (4) determine the level of importance 
farmers attach to the management strategies/decisions for implementing sustainable 
agriculture practices associated with weed control programs; (5 ) determine the sources of 
information for sustainable agriculture practices associated with weed control; (6) identify 
demographic characteristics of participants in the study, and (7) conduct comparisons with 
selected variables in the study. 
The population of the study consisted of selected Iowa farmers. The Iowa Farm 
Bureau Federation data list including 90,000 fanners served as a data source from which the 
sample was selected. Random selection was used in accordance with Krejcie & Morgan 
(1970) and resulted in a sample size of 384 farmers for the study. 
This chapter presents a discussion of the main findings of the smdy. A discussion is 
presented in the following seven areas based on the objectives of the study: (1) demographic 
characteristics of the respondents; (2) perceptions regarding sustainable agriculture practices 
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on weed control; (3) use of sustainable agriculture practices for weed control; (4) interest in 
learning more about sustainable agriculture practices for weed control; (5) importance of 
selected management strategies for implementing sustainable agriculture practices for weed 
control programs; (6) sources of information for sustainable agriculture practices for weed 
control, and (7) comparison of data based on the demographic characteristics of respondents. 
Profile of the Respondents 
One of the objectives of the smdy was to identify the demographic characteristics of 
the respondents. Results of the demographic analysis indicated that a majority of the farmers 
in the study were in the middle age group. The age of respondents ranged from 22 years to 
86 years of age with the average age being 51 years. Previous smdies (Bultena et al., 1992) 
conducted in Iowa, have found the average age of farmers to be around 48 years. The age 
range of this study indicates the current farmers' profile in the state. Rogers (1983) believed 
that age can play a major role in the adoption of agricultural practices. It is generally 
believed that older farmers are slower to adopt new practices than younger farmers. The 
concept of sustainable agriculture has existed for more than a decade now, and age might not 
be a limiting factor in this study because about ten years ago most of these farmers were in 
their late thirties or early forties. However, Bird et al. (1995) confirmed that sustainable 
farmers started adopting sxistainable practices early, even before 30 years of age. 
A majority of the farmers in this study (89%) were male and had achieved a high 
school level of education (50%). Only a few farmers in the smdy (5%) had attained an 
advanced or graduate level degree. These findings are similar to Bultena et al. (1992) who 
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found that about 41% of the sustainable fanners were high school graduates while only about 
8% had a graduate degree. 
Results of this study confirmed that about 57% of the farmers had one member of 
family working full-time on the farm. With today's labor-saving mechanization, a few 
people can manage an enormous amount of farm work. Other family members can be 
involved in off farm work earning extra income. Jamtgaard (1995) argued that the demand 
for labor to do sustainable farming is a year round endeavor. While this study did not 
investigate the reasons for labor distribution, it is reasonable to say that given the acres 
farmed by a majority of the farmers in this smdy (<I000), with proper mechanization one 
person could handle most of the required jobs on the farm. 
As is to be expected of the typical farming operation in Midwestem US, the farmers 
in the study were engaged in various activities. Iowa agriculture is typical of the Midwest 
with heavy emphasis on traditional crop and livestock production. The state is ranked first in 
swine production and in many years first in the nation in com, soybean and oats production. 
This smdy focused on the cropping systems of the farm operation. About 79% of the fanners 
indicated that diey participated in government programs. Nearly 73% depended on 
herbicides for weed control. These findings are typical of conventional farming enterprises. 
According to a study by Bird et al. (1995) conducted in the Midwest, government policy 
tended to favor conventional farming systems. Federal farm commodity programs allow 
certain crops like com, grain sorghum, wheat, barley, cotton, oats, and rice to qualify for 
deficiency payments set against established Congressional target prices, giving those farmers 
who grow these crops incentives and, hence, economic advantage. On the other hand, so 
called sustainable farmers grow various crops which are excluded from the legislation. For 
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instance some of the forage crops and soybeans are among those crops excluded and the 
price of oats, one of the crops that sustainable farmers grow, are set very low. In addition to 
participation in government programs and dependency on herbicides for weed control, the 
farmers in the smdy were engaged in various activities. About 46% of the respondents grow 
other crops besides com and soybeans. This study did not ask whether the farmers in the 
study consider themselves to be sustainable farmers or not. Therefore, given the nature of 
the farming operations found in the state, it is fair to say that the respondents in this study 
consisted of various categories of farmers. 
The findings indicated that the farmers in the study had many years of farming 
experience ranging from 1 to over 51 years. Nearly 60% of the farmers had between 1 and 
30 years of farming experiences. This vast reservoir of experience is a positive factor in the 
farming business. The fact that most of the farmers have stayed in the business industry that 
they remained a smdent of the profession they loved. 
Results from this study revealed that farmers on average owned about 500 acres and 
rented about a similar number of acres. A 500-acre farm is considered large when compared 
to the national average. There has been an increase in farm size while the number of farms 
has decreased. In 1969 the average farm was about 239 acres and by 1987 it was about 301 
acres (Iowa Census 1987). The size of a farm may or may not be a limiting factor to the 
adoption of sustainable agricultural practice by farmers. However, according to Bultena et 
al. (1992), a majority of the Iowa conventional farmers believed that they could adopt 
sustainable practices only if they reduced their acreage. According to Bird et al. (1995), m 
Iowa an average conventional farm is about 578 acres while an average sustainable farm is 
about 375 acres. The average size of the farms in the study, therefore, falls in the category of 
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the conventional farm size. However, Lasley et al. (1990) argued that larger farms 
capitalizing on ±e efficiency and precise application of less fertilizer and pesticides may 
reduce chemical use. An earlier smdy by Heffeman and Green (1986) confirmed that small-
scale farmers couldn't use sustainable farming practices as easily as large-scale farmers 
because of enviroimiental and instimtional barriers. The Rosmanns family (Parr et al., 1990) 
felt differently about this, hi their view; "Sustainable agriculture gets away from large, 
capital-intensive monoculture farming and promotes the smaller, traditional family-type 
farm, which has been one of the real strengths of U.S agriculture" (p. 57). Comments from 
the farmers in the current smdy seemed to support the view that size could influence the 
farmer's decisions in adopting sustainable agricultural practices. 
Results from this smdy indicated that farmers were concerned about weed problems. 
The most frequent weed reported by a majority of respondents was foxtail (67%). hi general, 
the loss of crop yield associated with the presence of weeds was about 10%. The range of 
losses attributed to weed infestation was comparable to the estimate given by Aldrich and 
BCremer (1997). They estimated that in soybeans slightly weedy conditions could cause a 
yield loss of about 5% to 10% and the loss could be as high as 35% to 100% if weeds are not 
controlled. Farmers in this study controlled weeds by various methods of weed control 
ranging from mechanical methods that employed the use of a variety of tillage practices and 
chemical methods. About 53% of the respondents indicated that they controlled weeds 
through cultivation. Other smdies (Bird et al., 1995; Btiltena et al., 1992) confirmed that 
farmers in Iowa used at least one alternative to herbicides and insecticides. Cultivation and 
rotary hoes were among the methods used for controlling weeds. It is clear from this smdy 
that farmers used a variety of tillage practices for weed control and continued to use 
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herbicides extensively. A majority of the farmers in the study used no-till, reduced till and 
conventional tillage practices. 
About 42 different soybean herbicides and 38 different com herbicides were used for 
weed control in 1996 and 1997. The most frequently used herbicide in com was Dual. 
About 10,561 acres of farmland were treated with this herbicide. In soybeans. Pursuit was 
the most common herbicide used in 1996 and 1997. There was some reduction in the use of 
herbicides in com in 1997. Herbicide use in soybeans was basically the same in 1997 and as 
it was in 1996. 
There could be various reasons why these variations occurred. Over the years many 
new herbicides have been released to the market and some of them have better weed control 
than others. Timing of application was another main factor why a farmer might use a 
particular herbicide over another. Method of application was another important factor that 
influenced the choice of herbicides. In com, the preferred herbicide application methods 
were pre-plant incorporated, pre-emergence and post emergence. In soybeans the application 
methods preferred were pre-plant incorporated and post emergence application. It is no 
surprise that the farmers preferred these methods of appUcation. Weed germination patterns 
could change and a shift in different weed species could occur within a season. A farmer 
who might have missed a particular weed during the pre-emergence application might solve 
the weed problem with further application during post emergence. A herbicide that controls 
a wide range of weeds might be preferable. Herbicide incorporation will ensure that 
herbicides are not lost through ranoff, thus increasing the efficiency of use. 
With post application, more of the chemical is likely to be taken up by the vegetation. 
However, according to Zoschke (1994) there is a tendency to favor pre-application methods. 
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Zoschke (1994) gave the following reasons as to why fanners in Illinois used pre application 
methods of herbicides: 
1. Application timing is less critical with pre than with post. 
2. Weeds interfere most with crops dioring the 4 to 8 weeks after crop 
emergence, and it is particularly important to manage weeds until crop 
canopy formation. 
3. Weather tends to favor pre herbicides 
4. It is not advisable to rely on post emergence products only. (p. 381) 
Some farmers in Iowa seem to favor the post application as evidendy expressed by one 
farmer, according to Swoboda (1995), "Post herbicides allows us to wait and see before 
deciding to spray, if the weed pressmre isn't there, we may not bother banding part of the 
field" (p. 8). 
Of the farmers who reported their income, about 38% indicated that they earned 
between $21,OCX) and $60,000 from farming. Many farmers (31%) chose not to report their 
income from farming. Nevertheless, discrepancies have been observed in some of the 
responses. Some respondents reported total family income, which was not consistent to what 
the farm income would likely be. This smdy did not ask the expected yield so it was not 
possible to calculate the expected income from the farm. The farmers allocated most of their 
resources to seed com, soybean seeds, herbicides, fertilizer and farm equipment. 
Perceptions 
This study also sought the perceptions of the respondents in five areas; (1) 
Sustainable agriculture practices for weed control; (2) Use of sustainable agriculture 
practices for weed control; (3) Interest in learning more about sustainable agriculture 
practices for weed control; (4) Importance of management strategies for implementing 
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sustainable agriculture; and (5) Sources of information for sustainable agriculture practices 
for weed control practices for weed control programs. 
Sustainable agriculture practices for weed control 
One of the objectives of die study was to determine perceptions held by farmers 
regarding the use of sustainable agriculture practices for weed control. The respondents 
seemed to agree with the perception statements that called for improved education about 
sustainable agriculture practices. The highest rated statement was "The use of sustainable 
agriculmre practices for weed control requires knowledge by farmers about sustainable 
agriculture" (mean=4.28). It is fair to say that there is concern regarding the definition of 
sustainable agriculture. It seemed that farmers still lacked information related to sustainable 
agriculture. 
A study by Young et al. (1991) attempted to classify farmers into two approaches; 
namely farmer self-classification and researcher classification of farmers based on farmers' 
attitudes and on farmers' acmal practices. Three categories of fanners have surfaced: 
conventional farmers, sustainable farmers and transitional farmers. While this study did not 
classify farmers into any categories, it is evident from the responses of these fanners that 
they consider themselves to be familiar with sustainable agricultural practices. 
The second highest rated statement was: "Educational programs in agriculture should 
be offered to help farmers understand sustainable agriculture practices for weed control 
strategies" (mean=3.87). This is a strong positive statement in support of education 
programs. Studies by Hanson et al. (1995) emphasized the need for extension to identify 
how sustainable farmers farm, what information they need, and determine how best to work 
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with them. It is only then that educational approaches can be identified that would facilitate 
the development of the programs and strengthen the growth of sustainable agriculture 
practices. This study clearly indicated the need for educational programs in sustainable 
agricultural practices associated with weed control. A smdy by Agunga (1995) found that a 
majority of the farmers surveyed in Ohio lacked an understanding of sustainable agriculture. 
He recommended that the university Extension service organize education programs in order 
to educate farmers. The study further urged agricultural education departments in land grant 
universities to include sustainable agricultural education as a part of the curriculum 
particularly for Extension education graduates. 
The third highest rated item was: "Most weeds on my farm are controlled when 
sustainable agriculture practices for weed control are used in co-operation with herbicides" 
(mean=3.83). Agreement with this statement by farmers indicates that the respondents have 
used sustainable agricultural practices and are convinced of the usefulness of the operations. 
Combination of weed management strategies has long been recognized and successfully 
utilized for weed control. Integrated weed management approaches emphasize these 
methods. However, the application of these methods require knowledge by farmers about 
past weed populations in the fields, competitive crop cultivars, improved crop and soil 
management practices, regular monitoring for annual and perennial weeds, weeding, spot-
treating and appropriate selection of herbicides (Schweizer, 1988). 
The fourth rated item was: "If sustainable agriculture concepts were incorporated into 
Agriculture Extension Education, it would enhance the understanding of weed control 
options" (mean=3.83). The response to this question indicates that the weed problem is a 
major concem for farmers in the study and farmers would do anything to leam ways of 
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controlling weeds. The agreement with this statement establishes the recognition by farmers 
of the role agriculture extension education should play. Smdies done in the Midwest (Bultena 
et al., 1995; Hanson et al., 1995; Jamtgaad, 1995; Taylor et al., 1989) confirmed that both 
conventional and sustainable farmers have similar problems with weeds, and they believed 
that weed control in a sustainable environment will remain difficult. The results of this smdy 
indicate that lack of information in weed management is still a major concern for farmers 
who want to adopt sustainable agricultural practices, therefore, research and extension 
programs need to work with farmers in order to solve these problems. A farmer had this to 
add; "I would have liked better information on just what you include in sustainable 
agriculture." 
The respondents rated the following items below the mean of 3.00: "I would consider 
using sustainable agriculture practices for weed control if my landlord did not object to the 
use of diese practices" (2.99), and "the use of sustainable agriculture practices for weed 
control would increase weed species" (2.83). 
The demographic characteristics of the participants revealed that only 54 farmers 
indicated that they were landlords. It seemed that those farmers who rented land had full 
responsibility to make decisions regarding how they managed the rented farmland. The 
decision to adopt sustainable agricultural practices was to be the sole prerogative of the 
renters. Respondents seemed to disagree with the idea that using sustainable agriculmral 
practices would increase weeds. In addition to the predominant chemical weed control used 
in the area, farmers have used other weed control techniques like cultural, mechanical and 
biological weed control mechanisms. By using these different approaches, control of weeds 
has been achieved. However, many smdies have also reported that changes in weed flora 
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have occurred as a result of certain agricultural practices. Altieri (1987) mentioned the case 
of altered dormancy characteristics resulting from the repeated use of mechanical cultivation. 
Another smdy by Holt (1992) reported that long-term use of herbicides on the same site has 
caused a species change and the plant are becoming resistant. LeBaron (1991) mentioned 
that in 1989 alone over one million hectares of land in the U.S. and about 2 million hectares 
in Western Europe had been infested with triazine-resistant weeds. The increase of weed 
species or the resistance to herbicides is more or less caused by repeated use of the same 
herbicide more than by the use of a combination of agricultural practices as practiced by 
sustainable farmers and the farmers in this study. 
Use of sustainable agriculture practices for weed control 
The farmers in this smdy indicated they used the following sustainable agriculmral 
practices: soil fertility management, rotation of crops, cultivation/harrowing and residue 
management. It appears that soil fertility is an important issue that every farmer is concerned 
about. The proper use of the soil means economic stability and basic survival element for the 
families who depend on the farm. These practices generally contribute to the conservation of 
soil and water resources, sustain high and satisfactory returns, minimize degradation of soil 
and environment, and maintain the resource base (Lai et al., 1990). Farmers in Iowa are 
familiar with conservation tillage. This knowledge has come about partly in response to the 
soil erosion problems (Bultena et al., 1992). The findings of this smdy revealed that some of 
agricultural practices have dual or multiple purposes. While soil erosion control might be a 
goal, farmers might have found the practices useful for weed control. The adoption diffusion 
model (Rogers, 1983) requires that farmers are made aware of the problem, but this study 
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and other studies conducted on this issue (Bird et al., 1995) have indicated that farmers are 
familiar with weed problems. Farmers recognize the problems and they have attempted to 
change the situation any way they can. It appears that farmers constantly need more 
technical and economic information, assistance, and support for making changes. Farmers 
have to be provided with up-to-date information regarding issues related to weed control and 
the information has to be specific to the needs of farmers. 
Education has to start with what farmers already know. This study indicates that 
there is some confusion about sustainable agricultural practices. There needs to be more 
education on what constitute sustainable agriculture practices. 
Now that selected sustainable agricultural practices for weed control are actually used 
by farmers in the study, educational programs need not dwell on the awareness step. 
Educational programs need to tackle individual problems as they arise. Special emphasis has 
to be put on the selection of a combination of procedures for weed control. Good soil 
management alone is not enough. Combinations of the practices that employ the use of all 
these factors will not only minimize weed problems but will also contribute to a safer 
environment. The fanners in this study confirmed that they used the following practices very 
little:(inter-row cultivation, chisel plowing, use of pest resistant varieties, no-till, integrated 
pest management, and mulch-till. 
In general, the respondents used mainly conservation tillage for the purpose of weed 
control indicating that fanners use the known practices of conservation for different 
activities. By combining soil fertility management and crop rotation, the farmers could reap 
the benefit of yield increase as well as adequately controlling weeds. 
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The study indicated that respondents did not use the following practices to any great 
extent: moldboard plowing, biological control of weeds, strip-tiU, and ridge-tillage. This is 
not to say that these practices are unworthy, nor that the practices have been without merit. 
Indeed past research efforts have indicated (National Research Council, 1989) that about 16 
million acres of nation (USA) are under the use of no-till, ridge-till, and strip-till. However. 
a study by Bultena et al. (1992) indicated that a majority of Iowa farmers did not use these 
practices and were not plaiming to adopt them. Thompson (1995), a member of Practical 
Farmers of Iowa (PFI), confirmed that he used ridge tillage to control weeds. Several studies 
in Iowa (Bird et al., 1995; NAF, 1994) supported this views that majority of sustainable 
agricultural farmers use ridge tillage to control weeds. 
The results of this smdy tended to support the srady by Bultena et al. (1992) in regard 
to the use of strip-till and ridge till practices. It is surprising how the use of ridge-till is 
extolled by some farmers and yet it is still the least used practice in the current smdy. A 
report from the interview by Swoboda (1995) had this to say about ridge-till practices: 
No-till is a popular cropping practice in Iowa right now. But from an 
economic standpoint, ridge till certainly has a lot going for it. Herbicides costs 
are less with ridge till, thanks to banding. Herbicides are applied in a band 
over the row of com stalks. We rely on the cultivator. Herbicide cost was only 
$11.23 an acre for com in 1994. Machinery costs are less with ridge till 
because you don't need tillage equipment, or high-horsepower tractors. Other 
benefits of ridge till includes soil conservation, reduction of soil compaction, 
and timely planting, (p. 8) 
Interest in learning more about sustainable agriculture practices for weed control 
A review of the data regarding interest in learning more about sustainable agriculture 
reflects many of the same results as in the previous section. Results indicated that farmers 
were interested in learning more about sustainable agricultural practices that would help them 
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control weeds. When they were asked what practices they used for weed control, a majority 
indicated that they often used soil fertility management practices and crop rotations, hi this 
section the farmers were asked to indicate their interest in learning about sustainable 
agricultural practices for weed control. Again, soil fertility management practices and crop 
rotations received the highest ratings. 
It is reasonable to suggest that since farmers are aware and use soil conservation 
practices that include soil fertility management practices and crop rotations, they were likely 
to be interested in learning more about these practices than start new practices and risk their 
farming business. This could also mean that a new venture might constitute a change, which 
might not be readily accepted by all farmers. Rogers and Shoemaker (1971) suggested that 
before adoption takes place an individual must: (a) be aware of the problem; (b) interested; 
(c) evaluate the situation; (d) try out the technology; and (e) adopt it. Soil fertility 
management and crop rotation practices have been used before and the predominant use of 
these practices coupled with growing interest in them will also suggest that new information 
about these practices is needed. A farmer had this to share: "The general lack of knowledge 
of proper procedures and the fact that people aren't always open to change are some of the 
barriers that hinder the adoption of sustainable agriculture practices." 
The studies of Jamtgaad (1995), Hanson et al. (1995), and Taylor, et al. (1989) raised 
concems that conventional farmers had about sustainable agriculture. They confirmed that 
conventional farmers needed management skills, feared a reduction in yields, were concerned 
about weed problems, reduced profits, shortage of farm labor, lack of incentive and lack of 
enough information on sustainable agriculture. Duffy and Chase (1989) believed that 
individual farmer attitudes and the skepticism about the general public have hindered the 
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adoption of sustainable agricultural practices. Padgitt and Lasley (1993) have argued that 
extension personnel themselves were not fully convinced that sustainable agriculture 
practices would lead to higher yields and reduce weed problems. Therefore, if the people 
who are supposed to deliver educational information are not in support of the program, it is 
unlikely that the message will get delivered. 
The third highest rated statement was: " Use of pest resistant varieties, followed by 
"Low input of chemical weed control," "Residue management," "Biological control of 
weeds," "Crop diversification," and "Integrated pest management" It appears that farmers 
were interested in technical information before they fiiUy considered adopting the practices 
for weed control. Or, maybe farmers were waiting for additional information, as Youngberg 
et al. (1993) put it: 
Sustainability is not a magic formula waiting to be discovered. No one knows 
precisely or finally what farming practices and systems will turn out to be the 
most sustainable, and under what conditions. We have feelings and opinions 
about these things. We need more facts to go by. (p. 312) 
On the other hand, probably farmers think the practices they followed are really 
sustainable, a farmer in the study had these views on sustainable agriculture; 
Farmers have taken care of the land because they knew if they didn't, it 
wouldn't be long, and it would not support them. Sustainable agriculture must 
be a recent "catch" term. I think we have always been productive, 
environmentally safe and sound, and profitable or you are weeded out, 
naturally. As for maintaining the social fabric of the rural community, it's just 
as strong as a fabric as ever, just much smaller. 
When they are sure of what they are getting, farmers will decide. Just like in the section on 
the use of sustainable agriculture practices where they did not use ridge tillage as a practice 
for weed control, the farmers did not appear interested in learning about ridge tillage. In 
conservation practice programs, residue management systems include, no-till, ridge-till and 
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mulch-till. Probably we need to look at ridge-till in the light of other components of residue 
management systems rather than take it as a single practice by itself. It is, therefore, 
concluded that farmers who use sustainable agricultural practices for weed control can still 
be interested in learning more about those practices they use and the overall educational 
programs need to take that into consideration. 
Importance of management strategies for implementing sustainable agriculture 
practices for weed control programs 
Farmers responded to 19 selected management strategies used by farmers by 
indicating the level of importance they attached to the strategies/decisions for implementing 
weed control programs. Farmers rated the items from somewhat important to important and 
the results suggested that health, economic, social and education related issues are important 
to these farmers. The highest rated strategies were "Conservation tillage," followed by 
"Long-term consideration for agriculture food safety," "Appropriate pricing of farm 
products," and "The practice of weed scouting." The importance of conservation tillage 
stems from its wide adoption in the United States and the fact that implements for row-crop 
cultivation are constantly being improved might have made conservation tillage easier for 
farmers to accept (Regnier & Janke, 1990). Following is a view expressed by one farmer in 
the current smdy: "The bottom line is net profit; if weed control would be better and more 
cost effective without herbicides that's what I would use." 
The results of this smdy revealed that government policy incentives are among the least 
favored strategies by fanners. It is surprising why incentives received the lowest rating, 
given the fact that most of the sustainable agriculture advocates consider incentives are 
important as a way of inducing farmers to accept sustainable practices. According to 
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Youngberg et al. (1993), sustainable agriculture advocates, while recognizing the importance 
of research in sustainable agriculture, were disappointed that there were no incentives for 
sustainable farmers. The advocates believed that infonnation and technology were available 
but farmers do not use them because they were either unaware of it, suspicious of it, or 
prevented by government programs from adopting it. It is not clear why these incentives 
were of little importance to respondents in this study. However, the demographic profile of 
the respondents revealed that a majority of the farmers in the current smdy participate in the 
government programs. This finding indicates that there is a contradictory view regarding 
farmers about government involvement. Nevertheless, this smdy corroborates another smdy 
(Duff et al., 1991) that rated government sources of information as not important in making 
decisions about of soil conservation measures. 
Sources of uDfonnation for sustainable agriculture practices for weed controi 
Farmers rated the usefulness of some 23 sources of information for sustainable 
agriculture practices for weed control. Results from this smdy indicated that respondents 
took a practical approach to the usefulness of information. Information that farmers could 
see, read and hear was regarded as useful. Li this regard the highest rated source of 
information among the 23 items were: on-farm demonstrations, field days, magazines 
articles, local chemical dealers, local fertilizer dealers and on-farm consultation. These items 
were among the seven top-rated sources of information regarding sustainable agricultural 
practices. The practical aspect of information that farmers get is translated into the ways they 
use the practice on their farms. 
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Information regarding on-farm demonstrations could help farmers to change their 
attitudes towards selected technologies. Swoboda (1994) reported that as a result of an on-
farm demonstration (Northeast Iowa Demonstration Project) conducted in Iowa, 35% of the 
farmers in the survey changed their nitrogen rates. A study done in the Midwest (Bird et al., 
1995) confirmed that farmers rated their own on-farm research as the most useful in 
providing information about sustainable farming. Contant (1990) found that the most useful 
source of information for obtaining information on chemical use in crop production was the 
farmer's own experience, local dealers, crop consultants, extension services and farm 
magazines. Francis et al, (1988) found demonstration plots of alternative agriculture were of 
high interest to local farmers in Nebraska. 
The smdy by Bruening (1989) concluded that district commissioners and non-
commissoioners found demonstration plots the most useful source of information for soil and 
water conservation. Gamon and Scofield (1996) determined that young fanners they smdied 
viewed neighbors, family and friends as the most usefiil source of information for farming 
practices. Other sources they used in the smdy were seed/feed dealers and fertilizer and 
chemical dealers. The smdy also compared younger and older farmers and concluded that 
the younger farmers were much more likely than the older ones to use dealers as sources of 
information for sustainable practices. 
The third and fourth highest rated sources of information were local chemical dealers 
and local fertilizer dealers. Local chemical and fertilizer dealers are private companies and 
one might wonder why private companies have gained confidence with farmers. The 
response to the sources of information farmers considered as useful for sustainable 
agricultural practices for weed control supported the views expressed by Norman Braksick 
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when he reiterated, 'Today more ±an ever before, if the farmer doesn't buy [believe] the 
data, he won't buy the seed (Swoboda, 1995 p 26). Swoboda confirmed the trend in the 
decline of the universities as the source of information and in an interview with Norman 
Braksick, relates how universities have cut back on their field testing and extension 
functions, while companies are spending more money on field trials and offering more 
information to farmers. However, a farmer in the current smdy had the following comments: 
I think seed companies know much more about damage and or problems 
derived from some herbicides than they tell farmers. I think universities and 
extension persoimel should try to get this seed company information to 
farmers that cut back on chemicals. 
It is surprising that, after several years, researchers are still smdying sustainable 
agriculture and the comments from the respondents indicated that farmers still seemed to be 
ignorant about it. In assessing information regarding groimdwater programs, (Contant, 1990. 
p. 314) recognized the following: (a) the type of information disseminated must be designed 
carefully to match the needs, concerns, and relevant issues of farmers; and (b) the provider of 
the information must have an established, trusted relationship with farmers to have an impact 
on their decision processes, and the manner by which this information is disseminated to 
farmers and its timeliness is vital to its effective use. 
Vocational agriculture instructor, machinery dealers, farmers' organizations and a 
visit to the office by farmers were the least useful sources of information on sustainable 
agriculture. Probably littie has been done with vocational agriculture instructors and 
machinery dealers related to the sustainable agriculture education. It is surprising that 
farmers' organizations were rated low as a source of information on sustainable agriculture 
issues. Lrformation about sustainable agriciilture has been attributed to existing farmers' 
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organizations. In Iowa, sustainable farming organizations such as Practical Farmers of Iowa, 
Farm 2000, Iowa Organic Crop Improvement Association, and Iowa Organic Growers and 
Buyers Association have all played a part in informing their members about sustainable 
agriculture (Bird et al., 1995). 
Comparisons 
One of the objectives of the study was to compare selected variables by ±e graphic 
data. Grouped demographic characteristics of respondents (age, level of education, years of 
farming, income level, acres owned, and acres rented), were compared with the perception 
statements 
The more education the respondents had the higher the ratings of the perception 
statements. The demographic profile of the respondents also indicated that differences in age 
had influenced the way some respondents perceived the statements. The younger the 
respondents the more they seemed to perceive the statements in a positive way. Bird et al. 
(1995 p. 79,) argued that characteristics such as age and educational attainment can have an 
important effect upon the receptivity of farmers to adopting new agricultural practices, and 
the success with which these practices are implemented. The farmers who spent a good 
number of years in fanning tended to rate the perception higher than less experienced 
farmers. Probably ±e many years of experience had taught them what works and what does 
not work in farming. 
On the other hand one would argue that farmers who had over 40 years in fanning 
had seen the advanced technology work better than their days of early farming when most of 
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those labor saving devices had not been introduced. As such, some of them might consider 
sustainable agriculture practices old fashioned. As one farmer put it: 
I don't really know what "sustainable agriculture" is. My perception of what 
it is this. Trying to do everything old fashioned that is manure on the fields, 
very low chemical weed control, much extra labor fighting weeds. Furnishing 
our kitchen with 50 lb bags of flour and trying to bake our own bread. Not 
feasible for me. 
The respondents profile indicated that those farmers who owned acres up to 1000 
acres and those who rented between 1 and 500 acres had rated the perception statements 
higher than the other farmers. It seemed that farmers who owned land were more willing to 
try sustainable practices than those who simply rented farms. Ownership may have had 
something to do with die idea of caring for land, and as such those who owned farms were 
likely to favor sustainable agriculture practices. Comparisons of the use of sustainable 
agriculture practices for weed control with demographic factors revealed differences in the 
way respondents used sustainable agriculture practices for weed control. The younger the 
respondents the more they used sustainable agriculture practices. Regardless of the number 
of years in farming, respondents had used sustainable agriculture for weed control. The more 
educated respondents were the more they tended to use sustainable agriculture practices for 
weed control. The acres owned and rented influenced the way respondents used sustainable 
agriculture practices for weed control. 
The study revealed ±at respondents who had community college and other college 
education were more interested in learning more about sustainable agricultural practices, than 
the respondents with advanced degrees and high school level or lower levels of education. 
The only marked differences found in the comparisons between demographic 
characteristics and the importance of management strategies for implementing sustainable 
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agriculture practices for weed control programs was in the level of education and the years of 
fanning. Differences between the older and the middle age group were found. The middle 
aged groups reported that the strategies for sustainable agriculture weed control practices 
were important. The larger the respondents farmed the more they attached importance to the 
strategies for sustainable agriculture practice for weed control. With experience farmers 
tended to leam more and realized that old age can cause an accumulation of wisdom. 
The respondents differed in the way they got their information on sustainable 
agrictdture. Different sources of information served different clients, and the respondents 
utilized different sources depending on the level of education, how long farmers farmed and 
how many acre farmers owned and rented. 
Discussion of Qualitative Responses 
Valuable qualitative data was collected, based upon the comments made by 
respondents on the instrument. Respondents were asked to give their opinion regarding 
factors that hindered farmers in using sustainable agriculture practices for weed control and 
any other comments regarding sustainable agriculture in general. A review of the comments 
and concerns are presented in this section. 
Farmers' comments regarding factors tiiat hindered farmers in using sustainable 
agriculture practices for weed control 
The comments made by farmers indicated that they lacked management skills, time, 
and had too many acres of land which they considered impractical for sustainable way of 
farming. The farmers feared that they might lose yields, and they believed that sustainable 
agriculture is labor intensive and they needed to know how sustainable agriculture would 
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work in today's situation. Some farmers believed that chemicals are easy to apply, and are 
effective for weed control, therefore, they do not believe that sustainable agriculture practices 
would be practical. It appears that farmers control weeds on time, and in some cases 
unpredictable weather conditions might require them to spend a lot of time on the farm 
weeding. Some farmers feared that if they solely depended on sustainable agriculture 
practices they might not have any time left to do anything else. However, it seems that some 
farmers utilized the services of custom applicators. From the comments, one would conclude 
that farmers think that to be sustainable, they have to change their fanning enterprises and 
include livestock in the component. While livestock is one of the major components of 
sustainable farming, it is by no means the only condition that would make sustainable 
farming work. It seems as if farmers equate sustainable agriculture practices with organic 
farming. In sustainable farming, herbicides and other chemicals are used, but sparingly as 
needed. Therefore, a crop farmer may still adopt sustainable agriculture without necessarily 
including livestock in the farming systems. 
General comments by farmers regarding sustainable agriculture 
The general conmients given by farmers covered wide areas of sustainable agriculture 
those concerned farmers in the smdy. Lack of information about sustainable agriculture is 
one of the recurring themes farmers constantly mentioned as the biggest obstacle to the 
adoption of sustainable agriculture. Economic return and feasibility of sustainable 
agriculture was the other major concern for farmers in the smdy. Sustainability is in the eyes 
of beholder, some farmers believed that they are using sustainable agriculture practices 
without realizing them. Results firom the response to the perception statements indicated that 
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this may be so, considering that farmers in this study used soil conservation strategies for 
weed control. Farmers in the smdy would like extension to take a leading role in transferring 
information instead of the chemical companies whose role was to sell their products. Some 
comments from farmers' indicated that they were concemed about the safety of the 
enviroiunent and future, as such, they were supportive of the sustainable agriculture 
practices. 
Suminary 
The farmers in the smdy acknowledged the importance of sustainable agricultural 
practices for weed control; however, they stiU do not have a clear understanding of what 
sustainable agriculture means. Farmers use some of the practices they consider sustainable 
for farming activities, and at the same time were interested in learning more about those 
practices for weed control. 
The smdy confinned that weed control was a major problem and farmers used several 
combinations of tillage practices and chemical control methods to control weeds. In 
particular, soil fertility management and rotations of crops are some of the main practices 
farmers used. Fanners recognize the need for educational programs that would provide them 
with technical and economic information regarding sustainable agricultural practices for 
weed control. The fanners regarded sources of information from on-farm demonstrations, 
field days and magazines as the most usefiil source for weed control. The comments from 
the farmers seem to suggest that labor, net profit, and farm size may be a limiting factor to 
the adoption of sustainable agricultural practices. 
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CHAPTER VI. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
The main purpose of this study was to determine and analyze farmers' perceptions 
regarding the adoption of selected sustainable agriculture practices specifically associated 
with weed control in Iowa. A secondary purpose was to identify the implications of these 
perceptions of sustainable practices to agricultural extension education. 
The specific objectives of this smdy were to: (1) determine perceptions held by 
farmers regarding the use of sustainable agriculture practices on weed control; (2) identify 
farmers' use of selected sustainable agriculture practices associated with weed control; 
(3) determine the level of interest by farmers about learning sustainable agriculture practices 
associated with weed control; (4) determine the level of importance farmers attach to the 
management strategies/decisions for implementing sustainable agriculture practices 
associated with weed control programs; (5) determine the source of information for 
sustainable agriculture practices associated with weed control; (6) identify the demographic 
characteristics, and (7) conduct comparisons with selected variables in the smdy. 
This chapter presents the summary, conclusions and recommendations based on the 
results of the smdy. The chapter is divided into the following sections: (a) sunmiary; (b) 
conclusions; (c) recommendations; (d) recommendations for further research; and (e) 
implications and educational significance of the smdy. 
Summary 
Sustainable agriculture is considered a continuous process that involves several 
practices before a fanner is considered fiilly sustainable (Bird et al., 1995). Farmers adopt 
sustainable agricultural practices primarily for economic, environmental and health related 
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reasons. Solving the weed problem is one of the major management decisions in farming. 
Effective control of weeds is essential for a profitable farming enterprise. Smdies conducted 
in Iowa (Bird et al., 1995) indicate that a majority of Iowa farmers are conventional. While 
this may be so, few farmers have been actively involved in sustainable agriculmre. However, 
there is still a lack of reliable information about sustainable agriculture practices, in 
partictdar, weed control under sustainable farming conditions. Studies conducted by 
Lockeretz et al. (1981), Harwood (1985), and Beus and Dunlap (1990) confirmed that 
advantages of the use of sustainable agriculture practices included, yield stability, 
profitability, and soil conservation. 
Several factors might hinder the adoption of sustainable agriculture practices by 
farmers in Iowa. The weed problem is one among many factors affecting agricultural 
sustainability. Therefore, studying Iowa farmers' perceptions regarding the adoption of 
selected sustainable agriculture practices specifically associated with weed control could not 
only provide information about the current use of selected practices, but would also help 
guide the development of educational programs focused on sustainable agriculture. 
Sammary of the procedures 
The population of the smdy consisted of selected Iowa farmers. The Iowa Farm 
Bureau Federation data list, including 90,000 farmers, served as a data source from which the 
sample was selected. A sample size of 384 farmers was randomly selected for the study. A 
survey questionnaire was used to collect the data. The survey instrument was developed 
based upon previous research conducted in the area of sustainable agriculture questionnaires 
from the NC 216 Project and input from the researcher's advisor and the advisory committee. 
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The questionnaire was divided into five sections. Fourteen statements were included to 
assess the perceptions regarding the adoption of sustainable agriculture practices associated 
with weed control. Seventeen statements were included to assess the use of sustainable 
agriculture practices for weed control, and another seventeen statements were included to 
assess the interest farmers had for learning about sustainable agriculture practices for weed 
control. Nineteen statements were included to assess the level of importance farmers attach 
to management strategies for implementing sustainable agriculture practices for weed control 
programs. Twenty-three statements were included to analyze the usefulness of the sources of 
information for sustainable agriculture practices associated with weed control. The 
remaining items focused on the demographic characteristics of the respondents in order to 
establish a profile of the farmers in the smdy. The questionnaire was developed into a 
booklet format. 
The instrument was refined through consultation with the major advisor and other 
faculty members in the Department of Agriculture Education and Studies at Iowa State 
University. Post-hoc reliability tests, using Cronbach's alpha procedures were used to 
determine reliability of the scales of the instrument. The overall reliability coefficient for the 
instrument was determined to be .93. A total of 172 usable responses were received, which 
formed the basis for the statistical analysis. 
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Smmnary of the findings 
A review of the findings of this study resulted in the following summary. 
1. Distribution of the respondents based on age was skewed toward the older age 
groups. The age of respondents ranged from 22 years to 86 years old and the average 
age was 51 years. 
2. A majority of ±e respondents (89%) were male and nearly 50% of the respondents 
had achieved a high school level of education. 
3. Results of this study confirmed that about half of the farmers in the smdy had one 
member of the family working full-time on the farm while one-third of them had no 
one working full-time on the farm. A majority of the farmers (79%) in the study had 
participated in government programs and nearly 73% depended on herbicides for 
weed control programs and about 46% of the respondents grew other crops beside 
com and soybeans. 
4. Results of the study confirmed that farmers in this study had many years of farming 
experience. Some had over 51 years of e.xperience on average they owned and rented 
about 500 acres. 
5. Results of this study indicated that problems with weeds was a major concern for 
farmers. The most frequent weed observed by a majority of the respondents was 
foxtail. The respondents indicated that as a result of weeds they lost nearly 10% of 
their crop yield. Farmers in the smdy controlled weeds by use of a combination of 
tillage practices (no-till, reduced till and conventional tillage) and chemical methods. 
6. The farmers in the smdy used soybean herbicides and com herbicides in equal 
proportions for weed control in 1996 and 1997. The most frequently used herbicide 
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in com was Dual. Li soybeans. Pursuit was the most common herbicide used in 1996 
and 1997. 
7. The farmers in the study preferred com herbicide application methods that included 
pre-plant incorporated, pre-emergence and post-emergence. In soybeans they 
preferred pre-plant incorporated and post-emergence application methods. 
8. Nearly 38% of the farmers who reported their income eamed between $21,000 and 
$60,000 from farming. The farmers allocated most of their resources to seed com, 
seed soybeans, herbicides, fertilizers and farm equipment. 
9. A majority of the respondents agreed with the perception statements that called for 
the need to improve education toward the adoption of sustainable agriculture 
practices. 
10. Respondents confirmed that most weeds on their farais were controlled when 
sustainable agriculture practices for weed control were used in co-operation with 
herbicides. Respondents would support sustainable agriculture concepts if 
incorporated into Agricultural Extension Education, so as to enhance understanding 
about weed control options. 
11. Respondents did not think that the use of sustainable agriculture practices for weed 
control would increase weed species. The farmers in the smdy predominantly used 
soil fertility management, crop rotation, cultivation/harrowing, residue management 
and crop diversification for the purpose of weed control. 
12. Results from the study confirmed that farmers were interested in learning about 
sustainable agricultural practices associated with weed control. A majority of the 
respondents were interested in learning about soil fertility management, rotation of 
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crops, use of pest resistant varieties, low input of chemical weed control and residue 
management. However, they did not show interest in learning about ridge-till 
practices. 
13. The respondents considered conservation tillage, long-term consideration for 
agriculture food safety, appropriate pricing of farm products, and the practice of weed 
scouting, as important management strategies for implementing sustainable 
agriculture practices for weed control programs. The study revealed that respondents 
attached little importance to the government policy incentives as strategy for 
implementing sustainable agriculture practices. 
14. The respondents rated on-farm demonstrations, field days, magazine articles, local 
chemical dealers, local fertilizer dealers and on-farm consultation as some of the 
useful soiures for information about sustainable agricultiure practices for weed 
control. 
15. Level of education, age of respondents, years of farming, nimiber of acres owned and 
number of acres rented have influenced the way the respondents perceived 
sustainable agriculture practices associated with weed control. 
16. The respondents who owned farms of 500 acres or more were likely to try sustainable 
agricultural practices than those who simply rented farms. The younger the 
respondents were the more likely they used sustainable agriculture practices for weed 
control. Regardless of the number of years in farming, respondents had used 
sustainable agriculture practices for weed control. The more educated the 
respondents were the more likely were to use they use sustainable agriculture 
practices associated with weed control. 
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17. The respondents depended on different sources of information for sustainable 
agriculture. The level of education, how long farmers farmed and how many acres 
they owned and rented played a major role in their decisions. 
Conclusions 
The researcher acknowledges the limitations imposed on drawing general conclusions 
and making broad recommendations based on this one study. However, the researcher also 
realizes the need to recognize the general conclusions and reconomendations based on this 
smdy and reaffirm that this study can serve as a framework for plarming educational programs 
in sustainable agriculture programs associated with weed control. 
The following conclusions were drawn from the findings of the study: 
1. Demographic characteristics of the respondents indicated that differences and 
similarities were observed in the way respondents perceived sustainable agriculture 
practices associated with weed control, used sustainable agriculture practices for 
weed control, were interested in learning about sustainable agriculture practices for 
weed control, attached importance to the management strategies for implementing 
sustainable agriculture practices for weed control and fotmd sources of information 
useful for weed control practices. 
2. Respondents strongly supported educational programs in agriculture that would be 
offered to help farmers understand sustainable agriculture practices associated with 
weed control. 
3. Respondents would support sustainable agricultural practices for weed control that 
would combine the use of tillage practices and herbicide application methods. 
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4. Weed control mediods seem to be a major barrier to adoption of sustainable 
agriculture practices for weed control. It is clear that farmers are uncertain about the 
economic gains of using sustainable agriculture practices and lacked management 
skills regarding sustainable agriculture in general. 
5. Respondents indicated that they have used soil fertility management and crop 
rotation and were still interested in learning about those practices for weed control. 
6. Respondents in the smdy indicated that although they participated in the government 
programs, they did not consider government incentives an important strategy for 
implementing sustainable agriculture practices for weed control programs. 
7. Regardless of the age, level of education, number of years in farming, level of 
income from farming, number of acres owned and acres rented, respondents found 
on-farm demonstration as a useftil source of information for sustainable agriculture 
practices for weed control, 
8. There is a lack of understanding among farmers as to the precise definition of what 
constitutes sustainable agriculture, what meaning they attach to the concept of 
sustainability and the associated practices for weed control. 
9. Respondents in the study seem to practice farming systems generally adopted by 
conventional farmers in the Midwest. 
10. Lack of time, lack of enough knowledge about sustainable agriculture, inadequate net 
profit, yield loss, size of farming operation and management skills were some of the 
factors that hindered the adoption of sustainable agriculture practices for weed 
control. 
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Recommendations 
The following recommendations were made based on the findings and conclusions of 
the smdy, the literature reviewed and the researcher's experience. 
1. The findings of this smdy indicated that while respondents were aware of sustainable 
agricultural practices, they still seemed to lack enough specific knowledge about 
sustainable agriculture practices associated with weed control. It is recommended 
that extension programs be focused on sustainable practices associated with weed 
control. 
2. The respondents acknowledged the need for more information about sustainable 
agriculmre in general, it is recommended that a multidisciplinary team consisting of 
agronomists, extension specialists, economists, sociologists, anthropologists, private 
industries, government policy-makers and farmers be initiated so as to develop 
sustainable agriculture education programs. 
3. Respondents used and were interested in learning more about soil fertility 
management and crop rotation for weed control. It is recommended that researchers 
and farmers conduct on-farm trials specifically to answer questions related to weed 
management under given simations. 
4. Researchers should be encouraged to participate in on-farm trials and share their ideas 
with farmers through demonstration plots, field days and magazine articles. 
5. hiformation about sustainable agriculrore practices associated with weed control 
(printed materials, courses) should be made available at the local level in order to 
enhance the understanding and economic profit associated with these practices. 
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6. An educational program should be developed for farmers to include specific 
information such as understanding different combination methods of weed control, 
effectiveness and efficiency of such methods versus the current chemical weed 
control as it affects the enviroimaent, economy and health of the general community. 
7. Extension specialists should become more involved in sustainable agriculture 
activities and utilize the wisdom and experience of farmers who are engaged in 
sustainable agriculture fanning systems in order to help facilitate educational 
programming efforts. 
8. Since farmers are aware of weed problems and had interest in solving these problems, 
weed technology and the management of weeds under sustainable simation should be 
featured in educational programming efforts of the Extension Service. 
9. Educational programs that encourage the use of sustainable agricultural practices 
should also include information pertaining to the economic, environmental, and social 
benefits of those practices before recommendations are made. 
10. Extension educators need to continue to profile farmers particularly those using 
sustainable practices, to identify selected characteristics in order to best serve 
farmers' educational needs. 
Recommendatioiis for further research 
1. This study was limited to Iowa farmers. A study that includes the Midwestern States 
of the USA with similar farming enterprises (com and soybean) is recommended and 
the results should be compared with the findings of this study. 
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2. There is a need for adding sustainable agriculture educational programs in school 
curriculums and departments of agricultural education at universities should initiate 
courses to teach sustainable agriculture at the undergraduate and graduate levels. 
3. Research should be initiated to further investigate how sustainable farmers manage 
weeds under sustainable farming conditions. 
Implications and educational significance of tiie study 
The main purpose of this study was to determine and analyze farmers' perceptions 
regarding the adoption of selected sustainable agriculture practices specifically associated 
with weed control in Iowa. A secondary purpose was to identify the implications of these 
perceptions of sustainable practices to agricultural extension education. 
The results of this smdy have implications to extension specialists, agronomists, 
education specialists, farmers, researchers, government policy makers, industry 
representatives, non-govemmental organizations, sociologists and members of sustainable 
agriculture organizations. 
The development and planning of sustainable agriculture educational programs that 
cater to the needs of diverse groups of farmers require a multidisciplinary approach. 
The results of this study indicate that a lack of information in weed management is 
still a major concem for farmers who want to adopt sustainable agricultural practices. 
Farmers seemed to indicate that conservation tillage and other sustainable practices are 
important, and at the same time rely heavily on herbicides and other chemicals. This 
situation seems to suggest a contradiction in terms if not confusion about the true meaning of 
sustainable agriculture. Future efforts in defining and learning about sustainable agriculture 
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may need to concentrate more careftiUy on outlining specific guidelines for sustainability or 
rely on government regulations forced on them the public. 
If education is a key to solving the problems of weed management, it appears that a 
model for delivering educational information should be initiated. Therefore, it would be 
advisable to form a plan of activities conducted by a multidisciplinary team of experts and 
farmers. The team of experts and farmers will devise a working educational model (Figure 
15). 
The findings of this study, the review of literature, and researchers' experience 
suggest that a multidisciplinary approach to the implementation of educational programs that 
focus on sustainable agriculture practices for weed control should be developed so as to solve 
weed problems, environmental concerns from chemical pollution, food safety issues and, 
food production. A suggested model should have the following components: educational 
instimtions, instruction, farmer, interdisciplinary team of experts, sustainable agriculmre 
organizations, on-farm trials, and the agriculture industry. Suggested means for 
implementing the components are listed along side of each component (Figure 15). 
Educational instimtions should take a leading role and be placed at the center of the 
diagram because, according to preliniinary results of the smdy (NC 216 Project), instimtions 
of higher learning are still the main credible source of information for new technology that 
farmers trust. The Extension Service has a role to play in adult farmer educational programs. 
However, in recent years private industries and individual organizations have pioneered 
educational programs ±at have served the public. 
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Figure 15. A model for incorporating sustainable agriculture into educational programs 
Furthermore, it is only at the instimtion of higher learning that a team of experts in 
several areas of agriculture can be found. The process of developing a model for sustainable 
agricultural programs should encompass all other components indicated in the figure, and all 
the major components work together in order to achieve the ultimate goal of achieving 
sustainability in agriculture production. 
The model indicates that the educational institution should develop scientific based 
informational packages that cater to the specific situational needs of individual farmers in the 
area of study. The educational programs therefore, have to be planned with the farmer. It is 
assumed that need assessments have been conducted or, as in this case, the model be based 
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on the findings of a study. The overall model is based upon the involvement of the farmer 
and multidisciplinary team of specialists working as a team striving to develop practical 
solutions to weed management in a sustainable enviroimient. A basic assumption of the 
model is that weed management information associated with sustainable agriculture practices 
is accurate and available. 
The process of including sustainable agriculture concepts associated with weed 
control into educational programs for farmers should be based on the learning theories of 
adult education. An informal setting can be used in adult class sessions, and this has to be 
closely followed by demonstration trials conducted by farmers and experts for educational 
purpose. The results of this study confirmed that farmers' preferred sources of information 
were demonstration plots and field days. It is appropriate to tie any education program with 
this component. 
The model recognizes the need for appropriate instmctional methods and has to be 
based upon the resources available in the community. Educational programs have to be 
broad to include all aspects of the farming enterprise, but at the same dme emphasize specific 
areas of weed management. 
Farmers and sustainable agriculture organizations should play a major role in the 
development of the model. Established on-farm trials should be farmer and researcher 
managed and designed so that specific needs of the individual farmer be incorporated. The 
results of the demographic characteristics indicated that the farmers in the study are diverse 
and had different views about sustainable agriculture practices associated with weed control. 
Therefore, different educational approaches need to be explored in order to serve these 
differences. It is necessary that those individual farmers, especially those sustainable 
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agriculture fanners in the established organization who are in the forefront in promoting 
sustainable agriculture practices be recognized. They have to be encouraged or given 
incentives to continue with the work they do with regard to sustainable agriculture. On-farm 
trials should form a major link, and through such trials, farmers would be able to observe and 
evaluate programs. They would also be able to assess the value of the proposed sustainable 
agriculture practices. In order for farmers to participate fully, a form of incentives might be 
necessary in the form of subsidies, products or information. This may induce farmers to 
participate. 
Only through participation can farmers find the usefulness and economic advantage 
of the program. Bird et al. (1995) indicated that the economic factor was one of the 
important barriers to the adoption of sustainable agriculture practices. Comments by some 
farmers in this study supported this view. The farmers suggested that lack of time, and size 
of the farm played a major role in whether a farmer would adopt sustainable agriculture 
practices or not. Through experimentation, the program could be modified to fit the 
individual needs of the farmer. By the time the farmers have fully accepted sustainable 
agriculture practices, information regarding the benefits of individual programs would have 
been known. A collaborative follow up of the program in the form of an evaluation to 
determine the impact of the whole program on economics, the environment, and the general 
farming operations in the community is needed. It is assumed that farmers who participated 
in the programs would have shared their on-fann research with other farmers through the 
process of a farmer-back-to-fanner approach, and educational instimtions would have taken a 
leadership role to disseminate information through publications, workshops, training and 
other venues appropriate to the needs of the local community. 
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Each component of the model is connected with a line and all of ±em are 
interdependent. While individual components may vary depending on the different 
educational programs, emphasize on all of the components is important for the overall model 
to function. 
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APPENDIX B. COVER LETTER AND QUESTIONNAIRE 
Department of Agricultural Education 
and Smdies 
201 Curtiss Hall 
Ames, Iowa 50011-1050 
Dear Farmer, 
Weed control is one of the major challenges of farm management. Weeds are 
controlled by using a variety of methods including mechanical cultivation, chemical, 
biological and cultural. Li recent years sustainable agriculture practices have received much 
attention. We need a better understanding about current weed management practices. There is 
much we do not know about weed control in sustainable agriculture environment. It is 
anticipated that an assessment of use of selected sustainable practices by farmers would help 
identify the educational needs of those farmers. 
The purpose of the smdy is to determine farmers' perceptions, use and management 
strategies regarding sustainable agriculture practices specifically associated with weed 
control and their implications to agricultural education. 
The information you provide will be kept in strict confidence. Your response will not 
be made available to anyone, and questionnaires will be destroyed after data analysis. The 
data will be used to complete a Ph.D. dissertation and provide information for better 
understanding, planning and implementing sustainable agriculture educational programs. 
Your participation is voluntary, if you decide not to participate in this study, please return the 
questionnaire to avoid further contact. 
We would be grateful, if you would take 20 minutes to complete the questionnaire 
and give us your perspective regarding this important smdy. Please use the return envelope 
for your response. 
Should you have any question, please call us at (515) 294-0896. We appreciate your 
participation in this important smdy. 
Thanks for your cooperation. 
Sincerely, 
Dido G. Kotile 
Research Assistant 
Robert A. Martin 
Professor, Agriculture Education 
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''Sustainable agriculture is a farming system that is enyironmentally sound, profitable, 
productive, and maintains the social fabric of the rural community** (Keeney, 1991). 
Part A. Perceptions regarding sustainable agriculture practices on weed control 
Instructions; This part of the questionnaire is designed to assess the perceptions of farmers regarding 
selected sustainable agriculture practices used for weed control. Please read the statements and 
indicate how much you agree or disagree with each statement by circling an appropriate response 
category. Circle "1" if you strongly disagree with the statement and circle "5" if you strongly agree 
with the statement. 
Use the following rating scale; 
1= Strongly Disagree 
2= Uncertain 
3= Neutral 
4= Agree 
5= Strongly Agree 
Strongly Disagree Uncertain 
1. The use of sustainable agriculture 
practices for weed control requires 
knowledge by farmers about sustainable 
agriculture. 
2. The use of sustainable agriculture 
practices for weed control requires major 
changes in farm management. 
3. The use of sustainable agriculture 
practices for weed control would increase 
weed species. 
4. Most farmers would require more 
equipment in order to adopt sustainable 
agriculture practices for weed control. 
5. Most fanners would use sustainable 
agriculture practices for weed control if 
these practices did not reduce yields. 
6. Most farmers would use sustainable 
agriculture practices for weed control if 
these practices did not require 
additional use of herbicides. 
Disagree 
Agree Strongly 
Agree 
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Strongly Disagree Uncertain Agree Strongiv 
Disagree Agree 
7. Most weeds on my farm are controlled 
when sustainable agriculture practices for 
weed control are used in co-operation 
with herbicides. 1 
8. The adoption of sustainable agriculture 
practices for weed control would be easier 
for farmers with less than 400 acres. 1 
9. The use of sustainable agriculture practices 
for weed control would help reduce my farm 
expenses. 1 
10. The use of sustainable agriculture practices 
for weed control would increase the financial 
risks for farmers who use them. 1 
11. Farmers use sustainable agriculture 
practices for weed control in order to 
maintain the quality of the environment. 1 
12.1 would consider using sustainable 
agriculture practices for weed control 
if my landlord did not object to the use 
of these practices. 1 
13. Educational programs in agriculture 
should be offered to help farmers understand 
sustainable agriculture practices for weed 
control strategies. 1 
14. If sustainable agriculture concepts were 
incorporated into Agriculture Extension 
Education, it would enhance the 
understanding of weed control options. 1 
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Part B. Use of / or interest in sustainable agriculture practices for weed control 
Instructions: The items in this section are selected sustainable agriculture practices for weed control 
used by some farmers. 
Colnmn A: To what extent are you using the following sustainable agriculture practices for weed 
control in your farming operation? La column A, please indicate the extent to which you use each 
practice. 
Use is defined as the level at which the practices are being done by farmers for the purpose of weed 
control. 
nnlnmn R: To what extent are you interested in learning more about each of the sustainable 
agriculture practices for weed control? In column B, please indicate the extent to which farmers are 
interested in learning about these practices. 
Interest is defined as the degree to which farmers would participate in future educational programs 
which deal with sustainable agriculture practices for weed control. 
Please respond in both columns A and B for each practice. 
Use the following scales; 
Column A: Use scale 
l=Not at all (NA) 
2=VeryBttle(VL) 
3=:Sometimes (S) 
4=Often (O) 
5=AIways (A) 
Column B: Interest scale 
l=No interest (NI) 
2=Little interest (LI) 
3=Somewhat interested (SI) 
4=Interested (I) 
5=Very interested (VI) 
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USE 
VL S O A 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
2 3 4 5 
INTEREST 
PRACTICES; NI LI SI I V 
Moldboard plowing 1 2 3 4 5 
Chisel plowing 1 2 3 4 5 
Cultivation/Harrowing I 2 3 4 5 
Rotary Hoeing 1 2 3 4 5 
iiter-row cultivation I -2 3 4 5 
No-tiU 1 2 J 4 5 
Mulch-till 1 2 3 4 5 
Ridge-till I 2 3 4 5 
Strip-till I 2 3 4 5 
fiitegrated Pest 1 2 3 4 5 
management 
Crop rotation 1 2 3 4 5 
Soil fertility I 2 3 4 5 
management 
Crop diversification 1 2 3 4 5 
Use of pest resistant I 2 3 4 5 
varieties 
Residue management 1 2 3 4 5 
Low input of chemical 1 2 3 4 5 
weed control 
Biological control of 1 2 3 4 5 
weeds 
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Part C. Lnportance of management strategies for implementing sustainable 
agriculture practices for weed control programs 
Tn.«rtniftions: The following items are common farm management strategies used by some farmers. 
Please read the statements and indicate the level of importance you attach to the strategies/decisions 
for implementing weed control programs. 
Importance is defined as ±e quality or state that is of value in regard to the opinion held. 
Use the following scale: 
1= Not important 
2= Little importance 
3= Somewhat important 
4= Important 
5= Very important 
Level of importance 
1 1 2 3 4 5 
Strategies; 1 
1. Conservation tillage 1 2 3 4 5 
2. Judicious use of chemical fertilizers 1 2 3 4 5 
3. Use of local knowledge systems 1 2 3 4 5 
4. Improvement in management of inputs 1 2 3 4 5 
5. Alternative tillage systems 1 2 3 4 5 
6. Development of appropriate farm equipment I 2 3 4 5 
7. On-farm demonstrations of sustainable agriculture 
practices for weed control 1 2 3 4 5 
8. The practice of weed scouting 1 2 3 4 5 
9. Reduction of agricultural pesticides 1 2 3 4 5 
10. Reduction in the use of herbicides for weed control 1 2 3 4 5 
11. fiitegration of livestock in fanning enterprises 1 2 3 4 5 
12. Educational programs in sustainable agriculture 1 2 3 4 5 
13. Appropriate pricing of farm products 1 2 3 4 5 
14. Government policy incentives 1 2 J 4 5 
15. Consideration for consumer preferences 1 2 3 4 5 
16. Farmers participation in research, extension 
and policy making 1 2 3 4 5 
17. Long-term consideration for agriculture food safety 1 2 3 4 5 
18. Use of livestock manure I 2 3 4 5 
19. Use of green manure 1 2 3 4 5 
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Part D. Sources of information for sustainable agriculture practices 
for weed control 
Tnstrnrtions; order to make management decisions, farmers rely on information from different 
sources. The following sources of information have been used by some farmers. Please identify and 
rate the sources of information that you find most useful for obtaining information on sustainable 
agriculture practices associated with weed control? 
Use the following scale. 
l=Of no use 
2=Of litde use 
3=Not sure 
4=Useful 
5=Very useful 
Of no Of tittle Not sure Useful Very 
use use useful 
Tours I 2 3 4 5 
Television programs 1 2 3 4 5 
Newsletters 1 2 3 4 5 
Magazines articles 1 2 3 4 5 
Newspapers 1 2 3 4 5 
Bulletins I 2 3 4 5 
Radio programs 1 2 3 4 5 
Field days 1 2 3 4 5 
Workshops I 2 3 4 5 
Seminars 1 'y J 4 5 
On-farm Demonstrations I 2 3 4 5 
On-fann consultation 1 2 3 4 5 
Office visits 1 2 3 4 5 
County meetings 1 2 3 4 5 
University Specialists 1 2 3 4 5 
Vocational Agriculture 
Instructor 2 3 4 5 
Machinery dealers I 2 3 4 5 
Local seed dealers 1 2 3 4 5 
Local fertilizer dealers 1 2 3 4 5 
Local chemical dealers 1 2 3 4 5 
Farmers' organizations 1 2 3 4 5 
Neighbors 1 2 3 4 5 
Family members 1 2 3 4 5 
156 
PartE. Demographic information 
Please fill in the blank or circle the letter of the response that best describes your situation. 
Check only one response per item. 
1. Please indicate by check marks the type of farming operation that applies to you. Mark all that 
apply. 
Landlord 
Rent farm 
^Crop farmer 
^Full-term farmer 
^Part-time farmer 
^Own whole farm 
^Participate in government programs 
Have part-time off-farm job 
^Employ extra labor in the farm for weed control 
^Depend only on family labor 
^Grow other crops beside com and soybeans 
Rely mainly on herbicides for weed control 
2. How many years have you been farming? years 
3. How many people in your household are working full time on the farm? 
4. Please indicate the types of herbicides used and the number of acres that were treated in com and 
soybeans in 1996. 
Com herbicides Acres treated Sovbean herbicides Acres treated 
5. What herbicides will you use in com and soybeans in 1997? Please indicate the number of acres 
you'll treat with each product. 
Com herbicides Acres to treat Sovbean herbicides Acres to treat 
6. ff you use herbicides in com and soybeans, which of the following application methods do you 
prefer ? Please check the one that applies to you. 
Early Pre-plant Pre-plant Pre-Emergence Early Post Post 
facorporated Emergence Emergence 
Com 
Soybeans 
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7. List any other methods you use for weed control? 
8. What percent of your yield reduction do you associate with early season weed competition? 
9. What kind of weeds are found on most of your cropland? (list a few major problem weeds) 
10. What percent of your 1996 planted acres were under the following tillage practices? 
a) No-till % 
b) Reduced-tillage % 
c) Mulch-tillage % 
d) Strip-tillage % 
e) Conventional tillage % 
11. What is the total acreage of your farming operation? 
a) How many acres do you own? 
b) How many acres do you rent? 
12. What approximate percentage of your farm input costs (financial resources) do you allocate to the 
following items in your farming operation? 
^Herbicides 
^Insecticides 
^Fertilizers (all types) 
^Farm equipment 
Seed (com) 
^Seed (soybeans) 
Seed (other specify) 
^Feed 
^Labor 
^Other (specify) 
Total 100% 
13. Please check the highest level of education you have attained 
Below high school 
High school graduate 
Commimity college 
College gr^uate 
Advance degree 
14. Your approximate annual net income from fanning (in thousands of dollars): 
15. Your gender is: . (A) Female 
(B)Male 
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16. Your age is: years 
17. In your opinion, what is tlie main single factor tliat hinders fanners in using sustainable 
agriculture practices for weed control? Please give a brief statement. 
Gieneral comments: 
Do you have any comments or suggestions? 
Thank you. 
Please return the completed questionnaire in the enclosed envelope. We appreciate your 
participation in this study. 
Code 
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APPENDIX D. FOLLOW UP LETTER 
August 29, 1997 
Dear Farmer, 
Recently we mailed you a questionnaire concerning the management strategies 
regarding sustainable agricultural practices associated with weed control. Unfortunately, we 
have not yet received your reply. 
We understand this is one of the busiest times on the farm. However, we still need 
your participation. Please help us by completing and returning the questionnaire in the 
envelope provided earlier. 
If you have already completed the questionnaire, please disregard this letter and we 
thank you for your cooperation. Of course, you may choose not to take part in this study. If 
you choose not to take part in this study, please return the blank questionnaire in the 
envelope provided as soon as possible. 
Should you have any questions, please caU us at (515)-294-0896. We appreciate your 
participation in this important study. 
Thanks for your cooperation. 
Sincerely, 
Dido G. Kotile 
Research Assistant 
Robert A. Martin 
Professor, Agriculture Education 
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